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Preface

This paper describes the technol ogy
of eucalyptus culture in Florida. It is
intended to help landowners decide if

they want to grow eucalypts for

industrial wood production, to help
foresters prescribe silvicultural prac-
tices, and to inform the world s euca-
[yptus technologists of new nethods
developed in Florida. The strategy used

in Florida to domesticate a new wood

crop in a difficult environment could be
a model for others to follow, not only
with eucalypts but wth other species

Practices in Florida are developing

rapidly, and our purpose is to provide
current information.  Previously
unpubl i shed research results are
reported from the Lehigh Acres |abora-
tory of the USDA Forest Service, and
from the Florida Forests Foundation

whi ch was absorbed by the Lehigh Acres
| aboratory. Cooperator's experinenta
results are drawn upon as needed

The work described was done with the
help of many cooperators. Several of
them participated in a formal eucal yptus
research cooperative and are nentioned
in the section on history. Qher
cooperators in field experinments have
been alico, Inc., Babcock Florida
Conpany, Collier  Corporation,
Georgi a- Paci fi ¢ Corporation, Turner
Corporation, and Walt Disney Wrld.

Jackson Burgess, founder of the
Florida Forests Foundation, started for-
mal research on eucalypts in Florida
C. P. Lykes and Ben Swendsen of Lykes
Bros., Inc., have provided solid support
for the research over the years. The
Florida Division of Forestry has partly
financed the research, and nany of its
personnel have participated in a variety

Not e: The use of trade, firm or cor-
poration names in this publication is
for the information and convenience of
the reader. Such use does not consti-
tute an official endorsement or approva
by the US. Departnment of Agriculture or
the Forest Service of any product or
service to the exclusion of others that
my be suitable.

Enpl oyees of the
describing soils

of research studies.
vided nuch assistance
in the field.

The Australian common names of euca-
lypts are seldom descriptive of species
characteristics in Florida, and a
separate convention for names has devel-
oped here. The comon nane of a euca-
lypt in Florida usually comes from its
scientific name. Thus Eucal yptus
grandis H 1|l ex Maiden is known sinply
as "grandis." That convention is used
in this publication. Cccasionally, a
more descriptive nickname is used in
Florida; for exanple, Spanish camaldu-
lensis to designate a strain of

camal dulensis that came from seed
inported from Spain. The scientific
names of eucalyptus species mentioned in

the text are listed in the Appendix.

Summary

Eucal yptus trees have been planted
on 4 mllion ha (10 mllion acres) in
the world because of their rapid growh,
adaptability to diverse sites, and abil-
ity to coppice. FEucalypts were first
planted in Florida in 1878, but no
industrial plantations were established
until 1972. By 1981, 6,000 ha (15,000
acres) of eucalyptus pul pwood plan-
tations existed in southern Florida due
to a cooperative research and devel op-
ment effort Dby government, private |and-
owners, and industry. The area in

eucal yptus plantations may expand
rapidly in Florida as strains of trees
and suitable silvicultural nethods are
devel oped for central and northern
Florida, and the coastal plain of other
Southern  States.

Proper species selection, site
selection, and site preparation are crit-
ical to plantation establishment.

Grandis and robusta are recommended for
planting on palnetto prairie and acid
flatwoods of the southern planting zone
Canal dul ensis and tereticornis are
recoomended for ridges. Grandis and
robusta grow excellently on subsided
mick soils, but these soils are not pres-
ently available to forestry. Lack of
suitable strains of eucalypts or proven
silvicultural techniques prevent recom
mendations for other landtypes in the
southern zone.




Canmal dul ensis, nacarthurii, nova-
anglica, tereticornis, vimnalis, and a
saligna X tereticornis hybrid are
suitable for plantations in the centra
zone. However, lack of genetically
inproved seeds and insufficient
know edge of site requirements and
silvicultural techniques restrict
planting to snmall test plantations
Grandis and robusta nmight be suitable
for the central zone despite damage from

freezes, because nore wood mnight be pro-
duced in plantations of these species
than in plantations of slower grow ng,
more freeze-resistant  species.

Macarthurii, nova-anglica, and vimi-
nalis show exceptional promise in the
northern zone, but a lack of genetically
inproved seeds precludes comrercia
planting at this tine

Soil type and site drainage have a
pronounced effect on eucal yptus growh,
and the effect varies wth species.

Even on flatlands there is enough soi
variation that soil nmapping prior to
planting to delineate priority soils for
planting would be beneficial.

Plantations in Florida should be
establ i shed with eucal yptus strains bred
in Florida, because plantations
established with inported seeds have
been unsatisfactory for industrial wood
product i on. Selection for freeze
resistance is inportant in the Florida
breeding work. However, striving for
conplete resistance my reduce vyields
too nuch, so sone risk of freeze damage
can be acceptable

Genetically inproved seeds and
seedlings of grandis, robusta, camal du-
lensis, and tereticornis are available
from the Florida Division of Forestry.
A breedi ng systemthat uses recurrent
selection in successive generations of
open-pol linated famlies i s nost
advanced for grandis, which in Florida
is a landrace fromthree generations of
sel ection.

Met hods have! been developed for seed
coll ection, extraction, cleaning, ger-
mnation testing, and storage. pe||eted
seeds are precision-sowed in nursery con-
tainers that are designed to air-prune
roots. Seedlings are renmoved from the
containers and are shipped to planting
sites in cardboard boxes

Experience in site preparation is
concentrated on palnetto prairie in the
southern zone, and to a nuch |esser
extent on cutover and stunped acid flat-
woods in the southern and central zones
Standard site preparation on these |ands
is to either double chop, cross disk, or
root plow.  QGound rock phosphate (GRP)
is broadcast if grandis or robusta are
to be planted (GrRp is toxic to canal du-
lensis and tereticornis), and beds are
constructed. Beds are essential on
sites that may be flooded at sumrer
planting time. Bedding also often
controls some types of conpeting vegeta-
tion but not the grasses found on old-
field sites

Planting is typically done in sunmer
in the southern and central zones,
because it is the only season in which
adequate soil nmoisture is certain.  Mst
planting is done with bare-root machine
planters designed for pines

In Florida, plantations are not
tended after planting, but weed contro
woul d probably be very beneficial
Application of nitrogen fertilizer to
young stands also nmight greatly stinu-
late growth.

Pl antations of grandis and robusta
in the southern zone are currentlg pro-
duci ng pul pwood at a rate of 16 m” per
ha per yr (2.5 cords/acre/yr). Mich
higher yields of total biomass can be
achieved by intensifying silvicultura
practices and planting at high seedling
densities. Yields of other species and
in other planting zones are unknown

Little harvesting of eucalyptus has
occurred in Florida. Chain saws or
shears wll probably be satisfactory
for harvest as long as stunp bark is not

damaged. Whol e-tree chipping would
reduce fire hazard, keep debris off
stunps, and reduce regeneration from

seed, although nutrient drain is a con-
cern. One mjor problem to face
foresters is the wunreliable coppicing of
grandis in Florida, especially after a
sumrer  harvest

Cattle and deer damage newy
established plantations, and fire can be
a problem in plantations of any age if
an understory of sawpalmetto or other
flammabl e vegetation is present
Insects, diseases, and lightning are
nui sances, but they are not serious




limting factors in growing eucalypts in
Fl ori da. Hurricanes could cause serious
plantation |osses.

The eucalypts selected for growng
in Florida are good furnish for pulp
They woul d be a good choice for fuelwood
plantations, and other uses are
possi bl e.

Use of rooted cuttings and tissue
culture plants from cloned superior
trees promses large gains in adapt-
ability and productivity.

I ntroduction

Eucalypts are evergreen hardwood
trees and shrubs of the genus Eucalyptus
in the famly Mrtaceae. The genus
includes about 500 species (Roland and
ot hers 1980; Chi ppendal e 1976; and Hal |
and others 1970), alnost all native to
Australia and adjacent islands. Severa
are native to 'lIndonesia, Papua, New
Quinea, and the Philippines (FAO of the
UN 1981), but only tw of these species,
deglupta and wurophylla, are not also
native to Australia. The genus has
attracted worldwide interest, because
eucal ypts have grown exceptionally
rapidly in short-rotation plantations
when planted in countries where they are
not native. Mreover, the stunps of
nmost plantati on speci es sprout after
harvest, making coppice regeneration
possi bl e. Because of high productivity
and ease of regeneration, eucalyptus
plantations occupy 4 mllion ha (10
mllion acres) worldwi de (FAO of the UN
1981)~--probably nore plantation area
than that of all other hardwods com-
bi ned. Among the hundreds of eucal yptus
species, no morethan 30 have shown
potential for 'high-yielding tinber plan-
tations (FAO of the UN 1981). Al most
all the world' s acreage of eucal yptus
plantations is planted to just 10
speci es: camal dul ensi s, gl obul us, gran-
dis, maculata, paniculata, robusta,
saligna, tereticornis, urophylla, and
vimnalis (FAO of the UN 1981).

In southern Florida, eucalypts grow
much nore rapidly than other hardwoods
or pines on a variety of sites. Rapi d
growth might nake eucalyptus forestation
profitable on land presently not
replanted following tinber harvest and
on rangeland with low carrying capacity.

Demand for accessible hardwood supplies
when bottom lands are flooded in
northern Florida, and the adaption of
eucalypts to available lowquality
rangeland in southern Florida led to the
establ i shment of 6,000 ha (15,000 acres)
of eucalypts west of Lake Okeechobee
between 1972 and 1981

Possibly a nillion hectares in
southern Florida and a far larger area
in the State as a whole have potential
for eucalyptus plantations. Planting
stock and cultural techniques are
available to plant eucalypts opera-
tionally in southern Florida and on a
pilot scale in central Florida. Freeze-
tolerant stock is not available for
planting farther north but soon may be.
Thus, eucalyptus planting could expand
rapidly over the next 10years in
Florida and in the warm coastal regions
of neighboring states.

H story

The earliest documented planting of
eucalypts in Florida was in 1878 on
Merritt Island. In 1910, Zon and
Briscoe (1911) found eucal ypts grow ng
at 27 locations, and 16 species were

represent ed. They wurged caution in
establishing comrerical pl antations
because of insufficient information on

matching species to sites, silvicultural
practices, and yields, and an wuncertain
market for the wood. They pointed to a
need for systematic introduction of spe-
cies and planned experinents.

Zon and Briscoe's caution was
heeded. Through the first half of the
20th century, some eucalypts were
planted in Florida for shade, ornamen-
tals, and windbreaks, especially around
homesteads in southern Florida, and a

few small plantations were established
However, Zon and Briscoe's call for
scientific research went wunheeded unti
1959.

In 1959 in Fort Mers, the private
Florida Forests Foundation started
scientifically based eucalyptus research
that included species selection for
various landtypes, site preparation,
fertilization, spacing, weed control
and nursery practices. The Florida
Forests Foundation was absorbed by the




USDA Forest Servicein 1965, and the
eucal yptus research was continued but at
a reduced Ievel. In about 1966, the
Florida D vision of Forestry (FDF)
published a planting guide for eucalypts
in Florida (Schory [n.d.]). However
until 1972, only research plantations
had been established.

At that time, some pulpnmills in
northern Florida wanted eucalyptus wood
but they did not own land suitable for
growing it, because only southern
Florida appeared to have acceptable
frost risk for growing -eucalypts. Some
southern Florida Iandowners wanted to
grow wood, but they were uncertain about
markets, silvicultural practices, and
yi el ds. The FDF had a bare-root pine
nursery in southern Florida but could
not invest in eucalyptus container facil-
ities wthout an assured market, and
the technology was lacking for nmass pro-
ducing seedlings at |ow cost. The
Southeastern Forest Experinent Station
USDA Forest Service, had the research
expertise needed to develop the tech-
nology, but it was not certain that
there were sufficient clients for the
research

Impetus for mjor planting came in

1971 with formati on of a eucal yptus
research cooperative designed to aid

Forest Service scientists at Lehigh
Acres, Florida, to develop genetically
inproved planting stock, nursery prac-
tices, and establishment techniques.

Cooperating formally with the Forest
Service for various periods of time were
Buckeye Cellulose Corp., Perry, Fla.;
Container Corp. of Anerica, Fernandina
Beach, Fla.; the PDF;, Hudson Pulp &

Paper Corp., Palatka, Fla.; [Inter-
national Paper Co,,, Bainbridge, G.
ITT Rayonier, Fernandina Beach, Fla.
Lykes Bros., Inc.,, Tanpa, Fla.; and

St. Regis Paper Co., Jacksonville, Fla.
The cooperative effort shared the risks
and broke the barriers that had pre-
vented commerical eucal yptus planting
(Unr 1976).

In 1972a quality facial tissue with
ideal strength and softness was manufac-
tured in a Florida pulpmill froma mill-
scale run of grandis grown in Florida
and this added confidence to comerical
eucal yptus growing {(Uhr 1976). Also in

1972, the North Carolina State

Uni versity (NCsu) Hardwood Managemnent
Cooperative began systematic testing to
find eucalypts hardy enough to withstand
the freezing tenperatures of northern
Florida and the coastal plain of other
Southern  States.

Species and Sites

Proper species selection, site
selection, and site preparation are crit-
ical to plantation establishment.

Species trials and planting tests
suggest three planting zones in Florida,
based on the severity of freeze damge
to several eucal yptus species (fig. 1).

Figure 7.— Provisional eucalyptus planting zones in
Florida.

Sout hern  Zone

In the southern zone, five species
and two hybrids stand out in vigor and
freeze resistance (table 1). Four of
these --camal dulensis, grandis, robusta,
and tereticornis--are currently wused for
pl ant ati ons. Rudis has been excluded
because its poor form makes it unsuit-
able for pulpwood. The camaldul ensis




Table 1 = Eucalyptus species that are suitable after genetic improvement for industrial wood plantations in Florida.

Species

Planting zone suitability

Availability of genetically
improved seed (alternative

and origin Scuthern Central Northern Adaptability and site selection criteria Utilization qualities praopagation method)
Camaldulensis

Israel Yes Probably No Good growth rate on a variety of sites, Mediocre form; pulping None, | Propagate with
freeze resistant (?) in southern zone not tested rooted cuttings or tissue

culture plants )

Spain Yes Yes No Good growth rate except on wet sites; Fair form; as good as Scarce = Sporadic seed
plant on excessively drained sites in native hardwood pulp production from first-
southern zone and on all but wet sites furnish, if not better generation seed orchard,
in central zone; good choice for (Franklin 1977) {Can _propagate with rooted
reclaimed strip mines: very freeze cuttings or tissue culture
resilient in central zone plants}

Western Yes Probably No Vigorous growh on a variety of sites; Crooked, limby; None. (Propagate with

Australia exceptionally freeze resistant in pul ping not tested, rooted cuttings or tissue
southern  zone but thick bark may be culture plants)

a problem
Camaldulensis
X grandis

Morocco and Yes Probably No Very vigorous growth on a variety of Good form; pulping None. (Propagate with

Florida sites; freeze resistant (?) in southern not tested rooted cuttings or tissue
zone culture plants)

Grandis

Many Yes Provisional ly No Very vigorous growth on acid flatwoods Excellent form; Abundant from third-
and palmetto prairie; freeze resilient as good as native generation of selection;
in southern gone; freeze susceptible to hardwood pulp furnish. fourth-generation seed
moderately freeze resilient in central if not better available soon, (sooted
zone; coppices poorly from summer (Franklin 1977, cuttings and tissué culture
harvests plants are an option)

Grandis
X robusta
Florida Yes Provisionally NO Apparent hybrid vigor and better Probably simlar to None. (Propagate with
sel ections coppicing ability than pure grandis grandis and robusta rooted cuttings or tissue
culture plants)
Macarthurii

Many NO Yes Yes very freeze resistant; preferred sites Fair form; pulp None, (Propagation by rooted

not defined quality unknown cuttings or tissue culture
plants migit he possible)
Nova-anglica . . .
Many NO Yeg very freeze resistant; preferred sites Fair form pulping None. (Propagation by
not defined properties simlar rooted cuttings or tissue
to native hardwoods culture plants mght be
(Hunt and Zobel 1978, possi bl e)
Robusta

Many Yes Provisionally NO Grows as vell as grandis on wetter soils Good form as good as Abundant from third-
of palnetto prairie and flatwoods; native hardwood pul p generation of selection.
probably more freeze resilient than furnish, if not better (Rooted cuttings and
grandis; coppices more reliable than (Franklin 1977) tissue culture plants are
grandis, especially in summer an option,

Rudis

Western Yes Probably No Vigorous growh on a variety of sites; Crooked, 1limbv; None., (Propagate with

Australia exceptional ly freeze resistant in pul ping not tested rooted cuttings or tissue
southern zone culture plants )

saligna X
tereticornis

Unknown Maybe Provisionally NO Grows slower than grandis, but is more Good form; probably Tenuous; single tree in
freeze resilient qood pulp Orlando, (Propagate with

rooted cuttings or tissue
culture plants)
Tereticornis

""known Yes Yes NO Good growth rate; plant on excessively Good form good only Moré abundant than
drained sites in southern zone, good for NSSC pulp camal dul ensis, hut supplies
choice for reclaimed strip nines in (Franklin 1977); sporadic; two first-
central zone; freeze resistance slightly densest wood of generation seed orchards--
less than that of Spanish camal dul ensis; selected eucalypts St. Leo and Fort Meade; the
growth rate less than that of Spanish latter is the more freeze=
camel dulensis on better drained soils. hardy strain. (Rooted
but night be the better grower on poorer cuttings and tissue culture
drained soils plants are en option)

Viminalis
Many No Yes Yes Best prospect for northern zone; freeze Fair form pul ping None, (Propagation by

resistant; sites not defined

properties sinilar to
native hardwoods

{Hunt and Zobel 1378)

rooted cuttings or tissue
culture plants might he
possi bl e)




X grandis and grandis X robusta
hybrids are desirable, but Fy hybrid
seeds cannot be nmass produced
Camal dulensis planting is restricted to
a strain that originated from seed
collected in Spain,, because this strain
has superior form

Sites suitable and available for
planting in the southern zone are sandy
soils of the palnmetto or dry prairie,
pine flatwoods, pine-oak forest, and
scrub ridges (Davis 1943). The palnetto
prairie and the pine flatwoods are sin-
lar in soils and vegetation with the

w

A palmetto prairie, a preferred land type for planting
eucalypts in the Southern planting zone.

exception that the prairies have always
been treeless. Pine flatwoods are
either forested now or cutover. Many
sites of the types described have been
farmed tenporarily and are known as old
fields.

Prairie and flatwoods soils that are
suitable for planting range from poorly
drained, and occasionally flooded, to
moderately well drained ridges. Inter-
spersed are areas of wet prairie
(Davis 1943) wunsuitable for planting.

On raw land, sawpal netto, Ser enoa
repens (Bartr.) Small, is a helpfu
indicator of natural drainage suitable
for eucalypts. The lack of sawpalnetto
indicates the site is too wet. Some

fl atwoods have thin soils over calcare-
ous materials--often marl or [|inmerock
Very little research has been done on
these sweet flatwoods soils, but growth
of the few eucalyptus plantings has been
poor. There are no recommended species
or establishment techniques for sweet

fl at woods

On the palmetto prairie and acid
flatwoods, recommrended species are gran-

dis on all except the wettest soils and
ridges, robusta on the wetter soils, and
camal dulensis and tereticornis on the

ri dges. Camal dulensis and tereticornis
are also recommended for the ngjor

ridges such as the Highlands Ridge

(Davis 1943). Subsided nuck soils
(Snyder and others 1978) can be pl ant ed
Wi th either grandis or robusta, Which
grow outstandingly on these soils, but

intensive agriculture currently occupies
alnost  all drained nucklands
Central  Zone

Camal dul ensi s, macarthurii, nova-

anglica, tereticornis, vimnalis, and a
saligna X tereticornis hybrid have suf-
ficient resistance to freezes for the
central zone (table 1). However, lack
of genetically inproved seeds and insuf-
ficient know edge of site requirements
and establishment techniques restrict
planting to small trials. Camaldulensis
and tereticornis appear to be the best
species for reclaimed phosphate strip
mnes, which are a comon landtype in
the central zone, but success is dif-
ficult to predict because of the
variability of reclaimed soils

Grandis and robusta planted in the
central zone often are frozen to the
ground in the first winter after
planting, but nmost individuals coppice
the following spring and the vigorous
coppice growh frequently survives
freezes in subsequent winters, even
though there is often substantial crown
damage. These trees have produced nore
wood than sl ower growi ng, nore freeze-
resistant  species. Flatwoods are best
suited for grandis and robusta in the
central zone, and planting of these spe-
cies should be continued in smallareas
for selection of outstanding indivi-
dual s. Kirtoniana and a robusta x rudis
hybrid show potential for the centra
zone, but little research has been done
on them

Northern Zone

Macart hurii, nova-anglica, and wvimi-
nalis show exceptional promse in the
northern zone (Hunt and Zobel 1978;
table 1). A lack of genetically
inproved seeds precludes comrercial




planting at this time. Dalrynpleana and
rubida also mght be selectively bred
into suitable species for planting.
Canphora, cinerea, and neglecta are
exceptionally freeze resistant in the
northern zone, but their growh rate and
form are too poor for consideration as
plantation species,.

Edaphic and Sil vicultural Effects

Soil type has a pronounced effect on
eucal yptus growh, and the effect varies
with species. Even on the very flat
land of southern Florida, there is
substantial variation in soil type over
short  distances. The result is
"mcrosite" variation in tree growh
within plantations. For exanple, in one
67-ha (168 acres) plantation on pal netto
prairie in dades County, 50 percent of
the area contains 73 percent of the
vol une. In this plantation, at |east
four different soils occur, and these
form a continuum in characteristics from
ona fine sand, which has the poorest
internal drainage and the highest sumer
water table, to Immokalee fine sand,

which has the best internal drainage and
the |owest summer water table. @randis
and robusta alternate in strips six beds
wi de over the plantation. Grandis has
grown best in the drier areas of the
plantation (fig. 2). Robusta growh was
affected less than grandis by soil type,
but it has grown much sl ower than gran=-
dis on the drier soils. These rela-
tionshi ps of grandis and robusta to soil
type and drainage status have been
observed in other plantations. There-
fore, soil mapping can be beneficial in
selecting areas and species to plant,

al though not all poor mcrosites can be
excluded from a plantation because of
their scattered occurrence and small

si ze.

Drainage characteristics also are
inportant in mtching species and sites
in central Florida, but indicators are
not as well known as in southern
Flori da. The growth of Spani sh camaldu-
lensis and tereticornis fromthe St. Leo
seed orchard in Florida was mneasured on
a bedded flatwoods in central Florida
that ran from a pond edge to a ridge top
(fig. 3), The trees grew faster ini-
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Figure P.--Height of 4.5-year-o/d grandis and robusta on different soil series of palmetto prairie in Glades County,
Florida, The number at the base of each bar denotes the number of plots representing each species on each soil
series. All the soils are poorly drained, sandy, siliceous, hyperthermic representatives of the Great Group of
Haplaquods. Soils are arranged according to depth to a spodic horizon: Ona, less than 25 cm; Smyrna, 25 to 50 cm;
Myakka, 50 to 75 cm; and Immokalee, 75 to 125 cm-this gradient also corresponds to drainage, with Ona most poorly
drained and Immokalee least poorly drained. (S. McCollum of the USDA Soil Conservation Service described and

mapped the soils.)
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Figure 3 —@Growth of Spanish camaldulensis (C)
and St. Leo tereticornis (T) on a bedded flatwoods
in central Florida with a soil gradient from very wet
to very dry.

tially in the internedi ate area of the
pl antation, probably because the beds on
the ridge were too dry (but bedding was
needed to control vegetative conpeti -
tion). Later, growth became faster on
the drier areas

In recent vyears lowered water tables
due to extensive drainage and aquifer
punpi ng have obscured the rel ationshi ps
of growth to soil series in sone areas
In other areas, weirs installed on
drai nways keep water tables artificially
high during the dry season. Therefore,
soil series, while inportant in species
and site selection, can at tines be a
poor guide w thout additional infor-
mation on present drainage conditions

Introducing species from Australian
climtes matched to Florida's climte
has been successful (i.e., grandis and
robusta) but not conclusive. A comon
generalization holds that species native
to areas of Australia with dry sumers
and wet winters (Mediterranean climate)
adapt poorly when introduced to areas
with wet summers and dry winters, like
southern Florida. Generally the rule
has held, with dozens of Australian
winter rainfall species failing in
southern Florida trials, But there are
not abl e exceptions; sources of camaldu-
lensis and rudis introduced fromthe
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Figure 4.—Improving growth of grandis by
successive generations of selection.

Mediterranean climate of \Weéstern
Australia display broad adaptability in
southern Florida, as have sources of
these species from trees growing as ex-
otics in the Mditerranean Basin (Israel

Spain,  Morocco).
Species respond to site treatnents
differently. On sites fertilized wth

GRP, grandis responded w th added
growt h, but canal dul ensis and tereticor-
nis became stunted and the |eaders died
back. But without GRP, canaldulensis
often grew as fast as grandis, if not
faster.

Plant Locally Inproved Stock

When soneone reads about the amazing
productivity of some species or strain
of eucalyptus in some other part of the
world, the tendency is to want to plant
the sanme material in Florida to get the
same yields. That approach is a
m st ake. Eucal ypt us pl antations
established from inported seeds have
been unsatisfactory for industrial wood
production in Florida, because nmost of
the introduced individuals were poorly
adapted to Florida conditions. But
selection and breeding of the best indi-
viduals in these plantings has resulted




in locally adapted strains and large
gains in productivity (fig. 4). There-
fore, plantations should be established
only with inproved strains selected in
Florida

Ochards for the production of gene-
tically improved seeds are established
on private land. The FDF nmintains
these orchards and collects the seeds
The seed orchards are the final product
of the Forest Service's |long-term
breedi ng program that will be described

later in this paper. The NCSU Hardwood
Cooperative has a simlar program for
devel oping eucalyptus strains suitable

for the northern zone and the coastal

plain of other Southern States.

Selection for Freeze Resistance
Eucalypts do not have annual resting

buds. Instead they have indeterminate

shoots that grow continuously as long as

conditions are favorable; there is no
requirement for rest or overwntering
(FAO of the UN 1981; Hillis and Brown
1978). In southern Florida, eucalypts
grow #rough the winter except for
periods of extraordinary cold or
drought. Continuous growth maxinizes
wood production, but it also naximzes
freeze hazard.

Freeze resistance is a critica
selection factor in Florida. The need
for freeze resistance increases from
south to north and inland from either
coast . Testing is chancy because of
year-to-year variation in the type,
timng, and intensity of freezes. The
larger a tree is at the time of a
freeze, the greater its resistance

Assessnments of eucal yptus freeze
resistance in other parts of the world
often are not fully predictive of
results in Florida. In their native
Australia and in some other countries
where eucal ypts grow as exotics, coo

weat her precedes freezes and hardens the
trees. In Florida, swift-noving cold
fronts turn balnmy afternoons into
freezing nornings overnight, severely
challenging the tender, grow ng
eucal ypts.

Two types of
sular Florida--radiation

freezes occur in penin-
freezes and

bl owi ng col ds (Johnson 1970). Radi ation
freezes are nost common, with a layer of
freezing air extending from ground |[evel
to a height of only a few centimeters or

net ers. Tree crowns and stems may or
may not be damaged, depending on their
height and bark thickness. Bl owing

colds are less comon but nore destruc-
tive, with freezing air churning through
the crowns of even the tallest trees.

In general, fast-growing eucalyptus
species are less freeze resistant than
slower growing species. Growers and
tree breeders nmust decide how much
freeze damage to risk in striving for
high vyield

Resi st ant I ndi vi dual s

Sone trees of a species are nore
freeze resistant than others, and these
make valuable breeding parents for
inproving tolerance to freezes. W
select for two types of tolerance--
freeze resistance and freeze resilience

Freeze-resilient eucalypts which froze to the ground in
their first winter and withstood subsequent freezes. On
most stools, several coppice shoots self-thinned to a
single main stem, but some original competing shoots
can still be seen.




The crowns of resistant selections are
lightly damaged, if at all, by severe
freezes. O her selections are only
freeze resilient. Their stenms nay be
killed to the ground by a hard freeze in
their first wnter, but they resprout

swiftly and gracefully. In subsequent
winters they suffer only superficia
damage. Individuals neither resistant

nor resilient sinply die or freeze to
the ground and resprout year after year
In practical terms, a plantation of
fully freeze-resilient trees may lose 6
months of growh to a severe freeze, but
it is not destroyed. In central
Florida, noderately freeze-resilient
sel ections from species |ike grandis and
robusta that are on average freeze=-
susceptible in the central zone, often
produce nore wood than sel ections from
slower growing, freeze-resistant spe-
cies, even after subtracting freeze
| osses. Almost  all  select trees have
been picked within the past 9 vyears, and
all have been subjected to severe
freezes. They may not have been tested
as yet, however, by the strongest freeze
that night occur.

The Breeding Strategy

Large variations anong trees in
resi stance to freezing and in other
characteristics make eucalypts good can-
didates for genetic inprovenent. It
should be recognized, however, that the
selection and breeding process is
compl ex. Many species have a wde eco-
| ogical and geographical range, and seed
sources from throughout the range should
be tested before rejecting a species as
unsui t abl e. Eucalypts hybridi ze readily
under some conditions. The hybrids
conplicate deternmination of the quality
of the affected species, for first cross
(Fy) hybrids often show hybrid vigor,
whereas trees grown from seeds col | ect ed
from hybrids are often inferior

Since comerical planting began in
Florida in 1972, seedlings supplied by
the FDF nursery for each planting season
have been the best genetic stock
avai | abl e from an ongoing tree inprove-
nment program of the Forest Service. The
breedi ng system uses recurrent sel ection
to derive seedling seed orchards from
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successi ve generati ons of open-
pollinated fanilies (Franklin and
Meski men 1975). FEucalypts are basically
i nsect pollinated (pryor 1976), and
beehives are stationed in the orchards
during flowering season. Commercia
seed is harvested from the orchard s
best nother trees as identified by prog-
eny testing. Al seed is stored
separately by nother trees, so in any
crop year the latest progeny test
results are used to select seed from the
best mother trees for the current
season's nursery crop

Breeding populations presently
involve four species: grandis, robusta,
camal dul ensi s, and tereticornis.
Grandis breeding is nmost advanced and
best illustrates the system

Grandis Breedi ng Popul ation

Grandis planted in Florida consti -
tutes a landrace devel oped through three
generations of selection and progeny
testing in the local environment. The
fourth-generation breeding population is
ready for conversion to a seedling seed
orchard. The breeding system has com
bined species trials, provenance
testing, and progeny testing in the sane
plantings (see fig. 4--saligna included
in a third-generation breeding popula-
tion of grandis). Species trials are
phased out during roguing to a seedling
seed orchard. The best species is
retained in the seedling seed orchard
while the other species are elimnnated

As many grandis seedlots as possible
have been inported. ldeally, seedlots
represented select single trees in
Australia, but some bulk lots have been
included along with many lots from ex-
otic populations outside Australia. Each
seedlot (called a famly) contributes
about 60 seedlings to a large
outplanting called the genetic base
popul ati on. Al individuals of al
famlies are conpletely randonized in
single-tree plots.

Stocking is 1,916 trees per ha (775
trees/acre) in a precise row X colum
grid, mapped to preserve the location
and pedigree of each tree. Planting
beds are paired, with 2.3-m (7.5 ft)
spacing within a pair and 3.5-m (11.5




ft) spacing between pairs, and seedlings
planted 1.8 m(6 ft) apart along the
beds. The 3.5-m (11.5 ft) spacing be-
tween pairs allows access to any tree by
work vehicles, particularly bucket

trucks for seed collection. The two
closer spacings promote dense stocking
in the base population, which later
translates to a reasonable stocking of
seed trees and pollinators in the
seedling seed orchard.

Each tree in the base population is
measured for growh rate and scored for
freeze resistance, stem straightness,
branch habit, and general adaptation.

At age 2.7 years (one-third of planned
rotation age for plantations), the best
phenotypes are selected and the rest are
rogued in the first stage of converting
the base population to a seedling seed
orchard. The best families wusually
contribute three or four selects to the
seedling seed orchard, and the maxinmum
nunber allowed for one famly is based
on a sliding scale derived from its
relatedness to other famlies. Most
famlies contribute only one or tw
selects, and about a third of the fam-
lies drop out of the breeding population
for lack of any worthy candidates.

Select trees exchange pollen in
first massive bloom at age 3+ years,
the following spring the seeds are
collected and wused to establish the next
generation's base population, which is
also the progeny test of the seedling
seed orchard. Thus, a generation is
turned in 4 years. Progeny test results
identify the best comrercial seed trees
as well as poor seed trees to be rogued
from the orchard.

Each generation of selection en-
hances the landrace's adaptation to
conditions (fig. 4), but new fanilies
must be inported to broaden the genetic
base and guard against inbreeding
depressi on. The current genetic base
population  (fourth-generation  seed
orchard) consists of 31,725 trees
senting 529 famlies on 17.3 ha (43
acres). Mne percent of the fanlies
are fourth generation (great grand-
mothers selected for excellence in a
Florida plantation); 24 percent, third
generation (grandnothers selected in
Florida); 40 percent, second generation
(nmothers selected in Florida); and 27

t he
and

[ ocal
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per cent, (newy

i mported

first generation
famlies).

The Florida landrace is predom -

nantly grandis, but
trees and scattered

a few seed orchard
of fspring display

traits fromrobusta, tereticornis,

camal dul ensis, and saligna. Some
interbreeding originated in early
cies trials in Florida, but hybri
al so occurs occasionally in seedl
from natural stands in Australia
Three generations of

enhanced freeze resistance
cally increased growh capacity
The select trees denonstrate
adaptation to Florida and can
that adaptability to their progen
However, predicting gains in
wood production
yield plots rather
the genetic base
because a base population
petition mtrix of elite, average
poor famlies; whereas conmercia
tations include only elite
much nore conpetitive popul ation
grandis yield experinment conpares
following three populations:

Premer --Sjx
(average 3.5 generations

and d
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popul ati on.

famlies

sel ection
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have
ramati -
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transmt
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conbi ned
freeze
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vol ume  produc
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for the 1979 comerci al

(average 2.9
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Ancestral --Four
seedlots from which all
famlies descend and 21 of

i mported
six prem

tion

coppi ci ng
--The 33 advanced-

m X
season.

er

the 33 com

mer ci al famlies.

At age 1.5 years, heights of prenier
and commercial trees exceeded those of
ancestral trees by 23 and 13 percent,

respectively. the second

of the study,

During

W nt er

damage from a severe

freeze was scored on a scale of 10 =
undamaged, 9 down through 5 = increasing
degrees of foliar damage, 4 down through
1 = increasing degrees of wood damage, 0
= frozen to ground but sprouting, and -1
= frozen dead. The three populations
differed significantly in their nean
freeze damage scores: prenmier, 6.8, com
mercial, 4.8, and ancestral, 2.0.
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Breedi ng Popul ati ons of Qher species

Robusta breeding is not as advanced
as grandis. The progeny of trees
selected in Florida, however, grew 68
percent faster in volume than the origi-
nal, inported seedlots (Franklin and
Meski men 1973). Robusta stock for com-
merical planting comes froma second-
generation, progeny-tested seed orchard
and from a third-generation orchard of
phenotypic selects that have not been
progeny tested. The third generation
robusta seed orchard is interpl anted
with grandis to generate ¥y hybrids,
which appear to be nore productive in
Florida than either pure species

Progeny tested, first-generation
seed orchards exist for Spanish canal du-
lensis and two strains of tereticornis
Second-generation offspring for these
two species have been nixed in a com
bined base population along wth severa
rudis families. This conbined base
population is not vyet selected and
rogued.

Seed Collection and Handling

Seed Collection

The time of seed maturation in
Florida varies by species and year.
Sanples of seed capsules should be cut
and examned before any large-scale
col [ ection. [mmature seeds are white,
muci | agi nous, and stuck together
Mature seeds are firm free, and dark
brown to black, except for canaldulensis
seeds, which are vyellowi sh brown.

Grandis seeds have been collected as
early as md-February to neet a March 15
nursery sowing deadline, but the seed
crop is not conpletely mature before
March 15. Robusta seeds do not mature
before April 15. Since the seeds of
these two species remain on the tree for
a full year, seed crops from2 years can
be obtained by collecting every other
year.

The collection wndow for camaldu-
lensis and tereticornis is narrow
because their seed capsules open a short
time after the seeds mature. Collection
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Eucalyptus capsules, seeds, and chaff

cannot begin before late My and must be
conpl eted by m d-June. Each seed
orchard of these species has its own
distinct collection time, and the
orchards nust be watched closely to
avoid loss of seeds. Viminalis and
ot her freeze-resistant eucalypts have
not flowered abundantly in Florida, so
their seed collection dates are unknown
Qperational quantities of grandis
seeds can be harvested from an orchard
at age 3.7 years, and production in-
creases through about age 10. (Trees are
topped to keep them in range of bucket
trucks, so eventually crown size
stabilizes.) Large crops are produced
every vyear, but individual trees vary
greatly in the quantity, purity, and
viability of seeds. In 1980, 38 grandis
trees were selected for comercial seed
collection from a 7-year-old orchard of
285 trees. The mean, coefficient of
variation (cv), and range in seed pro-
duction were:




Mean c¢v(%) Range

Vol ume of raw

seed (1) 1.70 81 0.02-5.99

Wight of raw
seed (ko) 0.99 79 0.01-3.28

Heal t hy
germ nations
per g of raw seed 688 57 140-1,591

Heal t hy
gerni nations
per tree 694, 000 86 23,000-

2,518,000

Robusta seed crops vary widely. In
some years, nuch chaff but few seeds are
produced. The seed crop of Spanish
camal dulensis is generally sparse
because a tw g dieback during w nter and
spring causes loss of capsules. Seed
crops of other camaldulensis strains and
tereticorni s have been abundant, but
many seeds have been lost in centra
Florida due to freezing of the flowers
and inmmture capsules

Seed capsules are collected from
tree crowns by workers raised by bucket
trucks whenever possible. Genetic

collections are sonetimes nade by

Collecting seeds in an B-year-old grandis seed orchard.
The trees have been topped to keep the crowns within
the range of the bucket truck.

clipping branches of small trees wth
pole pruners, or by shooting branches
fromtall trees with a .222 caliber
rifle with 9 X scope and soft point
bul l et s.

In Florida seed orchards, seed cap-
sules are shucked into the bucket of the
bucket truck. The bucket, if of open
design, is lined to retain the capsules
Shucking is done by running a gloved
hand down the branch, while the other
hand holds tension on the branch tip.
Trees are topped lightly after they grow
too tall to be reached with a bucket
truck, and fallen tops are shucked on
the ground. Epicormic branches form new
seed-bearing crowns on topped trees

Col lection nethods tried but rejected
include felling the seed trees, severing
seed-bearing twgs, and shucking the
capsules from the crown for collection
on ground cloths. Felled trees, if they
coppice, take at least 2 years to resune
flowering and at least 5 years to rebuild
full seed-bearing crowns. Sinmlarly,
twig pruning drastically reduces the
next bloom crop. Capsules shucked to
the ground are often lost because those
with |eaves attached often sail beyond
the dropcloth.

Seed capsules are bagged at the tree
as collected because they can open
rapidly on hot, dry days. In Florida
large collections are put in mttress
covers, and small collections in Kkraft
paper bags. The baggers try to renove
free leaves and twigs as they bag.
Capsules from each tree are bagged
separately, and the bags are |abeled and
protected from rain.

Seed Extraction

Capsules are delivered to the
extractory within a day of collection to
prevent heating and nolding in the
tightly packed collection bags. At the
extractory, capsules are transferred to
many |oosely packed kraft paper bags or
mattress covers for drying. Capsul es
mxed with leaves and twigs can be
spread to a depth of 15em(6in) in the
drying bags, but clean capsules, which
pack tightly, should not be nore than 10
cm (4 in) deep to promote drying and to
dissipate heat.
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Drying seed capsules in mattress covers.

Mattress covers are placed | ength-
w se on decked racks of wre mesh.
Kraft bags rest open-topped on wre
shelves lined wth paper to prevent
seeds of one mother tree from sifting
into a lower bag of another nother tree
The kraft bags are cut to a height of 20
cm (8 in) to allow cl oser spacing of
the shel ves.

The valves of mature capsules open
through  dessication. The extractory
should simulate hot, dry, windy days in
the forest--heating from30° to 35° C

dehumi di fi cati on, and air circulation to
drive moisture-laden air from around the
capsul es. Capsul es open in 1to 2

weeks, depending on their mturity.
Drying outside is not dependable in
Florida, but efficient solar dryers
could undoubtedly be devel oped

Shaking extracts the seeds from the
opened capsules. Capsules of smal
seedlots are put in a stovepipe-like
cylinder that fits snugly inside a No.
16 U.S. Standard sieve. A pan is put on
the bottom of the sieve and a lid on the
top of the cylinder, and the unit is
shaken. Seeds, (chaff, and sonme small
trash pass through the sieve, but nost
trash is trapped

Large seedlots are dunped fromthe
drying bags into a cement mxer which is
capped with a frame of hardware cloth
The nixer tumbles the capsules for about
10 minutes; then seeds, chaff, and fine
trash are poured through the hardware-
cloth cap into a large funnel over a
col l ection bucket, Wth the cap
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Extracting seeds and chaff from capsules.

removed, the nixer is enptied of |

eaves,

twigs, and spent capsules, then vacuum-

cleaned before receiving capsules f
different seedlot.
The extracted seeds and chaff

rom a

are

sieved through a No. 16 US. Standard

sieve and the quantity passing thr
the sieve becones the recorded wei
and vol umre of the raw seedlot. A

ough
ght
| ar ger

opening sieve mght have to be used for

standardizing vyields of wvimnalis

and

some other species that have larger

seeds than the established species

Seed C eaning

Raw seed is a mxture of ferti

e

seeds in a nuch greater mass of chaff,

which consists of sterile and unfe
tilized ovul es (Boland and ot hers

r-
1980)

plus tiny particles of capsules and
| eaves. Seed purity is wusually less
than 10 percent, and often as low as 1

or 2 percent. The tiny seeds nust

be




separated from chaff and other inpuri-
ties before seeds can be sowed singly in
each nursery container.

Some seeds are larger and heavier
than any chaff and, therefore, are
separated readily, some other seeds and
chaff differ either in size or weight
and can also be separated; but some
seeds and chaff are equal in both size
and weight and cannot be separated
Therefore, a goal of 100 percent seed
purity is wunrealistic, and losses of
sonme seeds with the chaff nmust be
anti ci pat ed.

Seeds from different trees are
cleaned separately because the size of
seeds and chaff vary from tree to tree.
Conbining raw seeds from different trees
can create a matrix of overlapping sizes
of seeds and chaff that defy separation

Raw seeds are sieved into size
classes, which are processed separately

Sieving raw seed on a vibration table to produce
partially cleaned seeds for later blowing.

in a batch-type seed blower, because the
force of air needed to remove |light
chaff differs by size class. Sizing
reduces the amount of seed blown away
with the chaff. For lots larger than 4
1 (1 gal), cleaning is made easier if
the lightest chaff is remved with a
continuous-type seed blower before

si evi ng. Blowing before sieving

rel eases much dust in the air. A quick
sieving on a fine sieve reduces this
probl em Sieves are agitated by a
vibrating table to hasten sieving

Shaking sieves is not as effective as
vi bration

U S. Standard soil sieves 18, 20,
25, and 30 have the greatest utility for
grandis, robusta, canal dul ensis, and
tereticornis. Seeds that pass through a
No. 30 sieve usually are difficult to
separate from chaff. Sieve No. 18 pri-
marily catches large trash, although
seeds are sonetinmes caught. Sieve Nos
14 and 16 are needed for cleaning lots
of larger seed species, such as
vimnalis

Ceaning elimnates the smallest and
lightest seeds, but cleaned seeds
collected from Florida seed orchards
still vary greatly in size and weight,
both within and between seedlots
O eaned grandis |l ots contain from 2, 000
to 6,500 seeds per g. Tereticornis
seeds weigh the sanme as grandis seeds,
camal dul ensis seeds are somewhat
heavier, and robusta seeds are
distinctly heavier. Inported vimnalis
seeds are much bigger and heavier than
even robusta seeds.

Testing Seed Viability and Purity

At the Forest Service laboratory,
seeds are gerninated on standard
| oo-i ndent ati on, blue germnation blot-
ters in closed plastic boxes, lined on
the bottom with tissue paper for extra
water storage. Known weights of
uncl eaned seeds are sprinkled on the
surface of the blotters, and results are
expressed as nunber of germinations per
gram of seeds. In tests of cleaned
seeds, one particle (either seed, chaff,
or trash) is placed in each blotter
indentation, after the 100 particles are
wei ghed. Therefore, the germination
test is also a purity analysis. Germ -
nation will occur in a room open to
daylight, but to standardize results
germnation is routinely tested in a
chanber mai ntai ned at 25° C and |ighted
for 8 hours each day. Germination of
all species used in Florida has been
rapid under these conditions.

Storage

Eucal yptus seeds have retained
viability during long periods of storage
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under a variety of conditions at the
Forest Service laboratory. Seeds stored
at room tenperature for 2 years have not
noticeably lost wviability. Seeds refrig-
erated for 8 years, then frozen 11nore
years, remained viable, although |osses
in germnation percentage and in vigor
of gernmination were suspected.

Eucal yptus seeds remain viable
despite wide fluctuations in storage
t enperat ures. Seeds stored at 7° C have
retained wviability after several periods
at 32° C when the refrigerator nal func-
tioned. Seeds repeatedly frozen and
thawed from novement in and out of a
freezer have not shown any noticeable
loss in viability,.

Hunmidity and seed noisture content
influence seed deterioration. Jones
(1967) recommended a noi sture content of
2.5 percent or less for storage of euca-
| yptus seeds of sone species. In
Florida, however, seed noisture content
is not reduced beyond that obtained
during extraction,, and the storage
moi sture content is not known.

Eucal yptus seeds are stored in a
variety of containers.  Screw capped
containers, such as plastic mlk jugs,
are used for storing uncleaned |ots.
Seeds destined for long-term storage are
cleaned to reduce volume, then sealed in
pl astic packets which store nore com

pactly than bottles.

Large lots of uncleaned seeds are
stored at 7° C.  Cean seeds, genetic
samples, and other research lots are
freeze-stored at -18°C. However,
freeze storage has not been shown to
have any advantage over cold storage for
preserving viability. Experiences with
seed storage in Florida are sinilar to
those in Australia (Boland and others
1980).

Stratification

Seeds from Florida trees do not need
stratification for good germnation.
Freshly collected seeds and those stored
for long periods germinate wth simlar
vigor. The advice of the supplier
should be sought in deciding whether to
stratify inported seeds.
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Seed Mxtures for Comrercial Planting
Nursery seedlings for comercial
eucal yptus plantations in Florida are
raised from a nmixture of seeds from many
selected trees. The number of parents
is not fixed, but to mmintain genetic
diversity in the plantations, a good
rule is to obtain no nmore than 8 percent
of the seeds in a mixture from any one
parent . An effort is made to have the
sane nunber of viable seeds of each cho-
sen seedlot in the sowing mxture. pye
to shortages, these rules have been bro-
ken for some species in some years in
Flori da. The nunber of viable seeds per
gram of cleaned seeds is known;, there-
fore, seed mxtures are prepared by
weighing out the calculated quantity of

each seedlot.

Pel l eting

Placing a single seed in each nurs-
ery container is tedious but possible
on a small scale, such as for a research
study. Di spensers that sow a few seeds
by tapping are useful for this work.
For single seeding on a |arge scale,
however, the tiny seeds nust be coated
to formpellets of convenient, uniform
si ze. Pellets permt the use of mechan-
ical sowers and greatly facilitate hand
SOW ng.

Fl orida seeds are pelleted by the
FoF wWith a coating of fine sand and a
wat er - sol ubl e pol yvi nyl al cohol bi nder
in a custombuilt apparatus (Geary and
Millier 1982). A yellow vegetabl e dye

Pelleting seeds with fine sand and a polyvinyl alcohol in
a reciprocating-rotating pan.




is added to the sticker solution to nmake
pellets nore visible. These pelleted
seeds germnate as well as bare seeds in
the nursery. Some other pellet coatings
decrease germ nati on.

Seedl i ng Production

Cont ai ners

As in nost of
planting stock in Florida is grown in
cont ai ners. Florida containers range in
volume from47 to 78 cm> (2.8 to 4.8 in’),
which is small by world standards
Containerization devel oped because
survival of bare-root seedlings was

the world, -eucalyptus

inconsistent in Florida. In one study,
99 percent of seedlings grown in I-1 (1
qt) containers survived summer planting

while only 71percent of the bare-root
seedlings survived. The growth rate of
bare-root seedlings initially |agged
behi nd that of contai ner-grown seed-
lings. Although growth rates were
equal by the fifth nonth after plant-
ing, the container-grown seedlings
were still taller, and height is a crit-
ical factor in surviving freezes and
capturing sites fromconpeting
vegetation

Since it is too expensive to grow

and plant seedlings in containers as
large as 1 1 (1 qt), container size was
reduced. Survival of bare-root

seedlings has not been conpared to that
of seedlings in the containers currently
in use. Inprovenents elsewhere in
managing bare-root eucal yptus seedlings
with inproved root-pruning equi pnent
suggest that research on bare-root euca-
lypts in Florida be reactivated. The
[ower costs associated wth production
and planting bare-root stock are always
appeal i ng. An experiment in GCeorgia
with bare-root eucalyptus seedlings
denonstrated that planting bare-root
seedlings is promsing (Hunt 1980).
Containers wused in Florida are
designed to prevent root spiraling, and

they are suspended to air-prune seedling
roots. For its eucalyptus research the
Forest Service uses Styrofoam Todd

Planter' blocks alnost exclusively

EucaWpﬂB éeedﬁng and its root plug pulled from a
Todd Planter

because of
wat ering

the ease of fertilizing,
and pulling seedlings at
packing tine; the ease of planting; and
the reliable field survival. The block
is a 34.5 by 66.5-cm (13.6by 26.2 in)
rectangle that contains 72 cavities
each shaped as a truncated, inverted
pyram d. Internal dinensions of a
cavity are 5 by 5 cm (2 by 2 in) wide
at the top, tapering over a 7.5-cm (3
in) depth to a 0.9- by 0,9-cm (0.35 by
0.35 in) drain hole. Cavity volune is
75cm> (4.6 in' ) and spacing is 330
cavities per m? (31/£t?),

Seedlings at the FDF nursery are
grown in Leach Cone-tainers (Tinus and
McDonal d 1979) and LaBelle planter
bl ocks. * The Leach Cone-tainer used is
a plastic tube that has a volune of 47

(2.9 in3) and is 125cm (5 in)
long, Wth a 2.5-cm (1 in) top dianeter,
tapering to a 0.8-cm (0.32 in) bottom
diameter drain hole. The inside of the
container is ribbed

1Speedling, I nc.,
Cty, FL 33586
Z1aBelle Plant
398, LaBelle, FL 33935

P.O Box 7098, Sun

Wrld, Inc., P.O Box
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The LaBelle Styrofoam block is a
42- by 66.5-cm (16.5 by 26.2 in)
rectangle; it contains 77 tubul ar
cavities and fits the suspensi on system
devel oped for the wubiquitous Todd
Planter. Each cavity in the LaBelle
block is 3.6 cm (1.4 in) in dianeter at
top, tapering slightly over a 10-cm (4
in) depth, then tapering nore sharply in
the last 2 cm (0.8 in) to a |-cm (0.4
in) drain hole. Cavity volume is 78
em” (4.75 ind). Bach cavity contains 3
ribs to prevent root spiraling, and the
cavity spacing is 270 per ml (25 £t2),

Leach tubes have an advant age of
bei ng i ndependently novable. A tube in
which germnation has failed can be
replaced, and spacing of the growng
crop can be tailored to the requirenents
of the species grown. A disadvantage is
that it is difficult to get water and
nutrients into the tube after the
seedling foliage forms an wunbrella over
the tube opening. This inefficiency in
liquid collection occurs because the
tubes are held in wre racks, rather
than the custom Leach racks, which pack
tubes too tightly for grow ng eucalypts
to planting size,,

Wth a block planter, nutrients ard
water that run off the foliage fall
onto the block surface and run into the
cavities. The Todd Planter, which has a
top surface that is almst all potting
mx, is very efficient in collecting
applied liquids. The LaBelle block has
more Styrofoam at the top surface than
cavity opening, nmaking it less effi-
cient in liquid collection than the Todd
Planter (water can run off the edges of
the LaBelle block;) but nore efficient
than Leach tubes in wire racks.

The greater anount of open area of
the Leach system pernits nuch better
aeration than that wth block planters.
As a result, killing of seedlings by the
fungus, Cylindrocladium scoparium is a
greater problem with the LaBelle block
than with Leach tubes. However,

Cyl i ndrocl adi um di sease has not been a
problem with the Todd Planter.

Potting Mx

Through the years, the Forest
Service and the F DF nursery have used a
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comercially prepared potting nix of
peat and vermculite. A mxture of

sand, peat, and vermculite was tested
by the FDF, but sand increased the
anount of watering required and did not
give a firm root plug. Vimnalis is the
only species grown with sand at the FDF
nursery, its growh is inproved con-
siderably by adding sand. The FDF nurs-
ery currently uses a comercially
prepared mxture of 50 percent peat, 25
percent vermculite, and 25 percent
perlite. The perlite addition is based
on proprietary information that perlite
increases retention of nutrients. This

potting mx does not contain starter
nutrients, but it does have a wetting
agent .

The nixture is packed noist,
topped up and repressed,

pressed,

Packing potting mix in Leach Cone-tainers to form
depressions for pelleted seeds.

leaving a depression of about 5 mm (0.2
in) to hold pelletized seed and mulch.
Careful filling and pressing are needed.
If the sowing depression is too deep, a
germnated seedling cannot energe, and
if too shallow, the nulch is easily

| ost.

Sowi ng

Research seedlings are raised from
cleaned seeds sowed by hand or wth a




Sowing pelleted seeds into Leach Cone-tainers with a
gravity seeder.

seed dispenser. (One to three seeds are
sowed in a cavity, depending on study
objectives, seed quantity, and expected
germ nation. In conmercial operations
pell eted seeds are sowed with a gravity
seeder or by hand. Vacuum seeders
proved unreliable.

Sowing strategy, which varies wth
the crop, is based on |labor availabil-
ity, quantity of seeds, expected ger-
mnation, and type of container. Leach
tubes nmay be used efficiently by sow ng
one pellet in a tube. Then tubes in
whi ch gernmination fails can be renoved
and resowed. By this nmethod, hand
thinning of excess seedlings is avoided.
Double sowing is done at tinmes, however,
to increase the percentage of tubes wth
a seedling and to avoid a germination
time gap in the crop.

The two alternatives to single
seeding directly into containers--
transplanting from germnation flats to
containers, and broadcast sowing the
containers with raw seed and then
thinning to one seedling per cavity--
proved to be too | abor intensive for
Fl ori da. Broadcast sowing and then
thinning also wasted valuable geneti-
cally inproved seeds.

Block containers wusually are sowed
with two or three pellets per cavity in
order to obtain a high percentage of
cavities with a seedling. The exact

nunber to sow is difficult to estimte
because germination is always poorer in
the nursery than in the |aboratory.
Oversowing is needed because it is not
feasible to resow cavities in a block,
if for no other reason than the younger
seedlings cannot conpete with those
first sowed. Cccasionally, excess
seedlings are transplanted to cavities
without a seedling during thinning.

Sowed cavities are mulched wth
coarse vermculite to a depth of 5 mm
(0.2 in). Fine verniculite is avoided
because it restricts aeration and ger-
m nat i on. Chopped pine needles per-
formed well in the past but are now
difficult to obtain.

Vter Quality

The biggest problem wth growng
eucal yptus seedlings in southern Florida
has been water quality. It is difficult
to obtain well water with less than 700
p/ m total dissolved solids (TDS), If
the water has TDS greater than 700 p/m
eucal yptus will germnate slowy, then
die. \Water that is even slightly alka-
l[ine or high in lime wll also seriously
retard seedling growth. If water is
alkaline, it can be acidified, or acidic
compounds can be applied periodically to
the crop, as is done at the FDF nursery
at Lake Placid.

Germ nation

Sowed cavities are placed under a
plastic or shade cloth shelter to pro-
tect them from torrential rain and w nd,
not to provide shading to inprove ger-
m nation. Good germnation occurs in
full sun. The Forest Service gerninates
and grows seedlings in an unheated,
plastic-topped plant house of a design
simlar to that used by the vegetable
industry in southern Florida.

At the FDF nursery, seeds are ger-
mnated under 25 percent shade. Leach
tubes are closely spaced at germnation
in the custom Leach tray, or in every
opening of a palletlike, chicken-wire
nmesh rack (1.2 by 2.4 m) (4 by 8 ft).
Leach trays and LaBelle Bl ocks are
placed on hardware cloth pallets for
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transporting. Pallets are transported
with a pallet grabber designed and built
by the FDF; it operates off the power
takeoff of a tractor.

CGermination can occur in 4 days
under favorable conditions, but cool
temperatures can result in a month or
more passing before seedlings break
through the nmulch. \atering is done
with a trolley boom in the Forest
Service plant house and with fixed
overhead sprinklers in the FDF shade
area.

Wien seedlings are 3 to 5 cm (1.2 to
2 in) tall, they are moved from the
shade area to raised racks in an open
field at the FDF nursery. Containers
with more than one seedling are thinned
by pulling or scissoring when they are
moved from shade to the open.

Gowing Seedlings to Planting Size

Seedl i ngs of grandis, robusta, and
tereticornis wll grow to the desired
pl anting height of 30 em@2in) in 12
weeks after sowing under optimm con-
ditions. An average of 16 weeks to
planting size from nid-March sowing is
nor mal . Camal dul ensis grows nore
sl owy. Production times of other spe-
cies are not well established.

Density should not exceed 300
seedlings per m? (28 ft?) for broad-
crowned grandis, robusta, and tereticor-
nis seedlings to reach planting size.
Narrow crowned camaldulensis can be
grown at sonewhat closer spacing.
Seedlings grown in Leach tubes are
placed in chicken-wire racks at a
spacing of 227 per p? (21 £t2) when they
are noved from shade house to open
nur sery.

A 20-20-20 liquid fertilizer has
been applied, beginning as soon as
seedlings have energed from nulch.
Fertilizer concentration is 708 p/m N,
and is applied at the rates of 0.6 g N
per m? (0.2 o0z/100 £ft?) to snall seed-
lings and up to 2.8 g N per m? (1.0 oz/
100 £t2) for larger seedlings. To main-
tain rapid growth, [liquid fertilizer
must be applied two or three times a
week for Leach tubes in chicken-wire

racks, because wmuch liquid fertilizer
falls to waste. Block planters require
much |ower fertilization rates.
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Applying liquid fertilizer to eucalypt seedlings in Leach
Cone-tainers that are suspended in chicken-wire racks
and arranged at growing spacing.

Since frequent fertilizer applica-
tion is a nuisance, controlled release
fertilizers are now routinely used to
supplenent liquid feed. Controlled
release fertilizer provides steady
growth, while supplements of liquid fer-
tilizer speed growh as needed. At the
FDF nursery, 4.3 kg of GCsnocote 14-14-14
controlled release fertilizer are added
per m> (7.3 1lb/yd®) of potting mix.

Watering is critical because
seedlings can easily die from desic-
cation. During hot, dry, windy after-
noons of late spring, the seedlings can
be lost by failure of one afternoon
wat eri ng.

Cylindrocladium blight at the FDF
nursery is controlled by a weekly fungi-
cide treatnment developed by FDF person-
nel . Benonyl and chlorothalonil are
sprayed on the seedlings in alternate
weeks.

At planting tinme, seedlings are
pulled from containers at the nursery
and packed in vented, waxed-cardboard
boxes. A seedling's roots and the
potting medium form a firm plug that
usually remains intact from seedling

pulling through planting.

Site Preparation

Control of conpetition is inportant
in establishing eucalypts because they
need full sunlight for good growth and
they conpete poorly for water and
nutrients against grasses. Fucalypts




often survive conpetition to eventually
domnate the site, but growh is slowed
and the stand structure of the plan-
tation becones very irregular. Bedding
is often the best approach for control-
ling conpetition, particularly on sites
where water my stand for extended
periods during the

rainy season

reconmended; it tends to renove topsoil
of which there is precious little on

most plantation sites. The entire plan-
tation area nust be cultivated where

there is sawpalnmetto, because |eaving
strips of sawpalmetto creates a serious
fire hazard

E@eddlng a flatwoods™ planting” site.

Prepring a palmetto prairie Iating S|te y chpping.

Beddi ng

the site must be

Prior to bedding
to kill the

thoroughly cultivated

existing vegetation and to chop roots
and other debris into small pieces that
will not inpede mchine planting of

seedl i ngs. Root raking is not

Broad,
forestry bedding harrow and hourglass

high beds made with a

packer ~are preferred. Low heds of the
type made by the vegetable industry are
not adequate, and beds mde with fire
plows are too steep and too close

toget her
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Bedding inproves root aeration and
normally gives an unflooded place to

pl ant when water stands on the site at

Table Z.--Effects of hedding or flat harrow site
preparation on a palnetto prairie on establishnment
and growth of grandis through 4.5 years

planting time. Although bedding
controls conpeting vegetation for a Characteristic Bedded Flat
while, it prevents cultivation after
planting. Mst planters presently are Survival (%) 75 62
bedding to prepare sites.
The effects of bedding and flat Survival coefficient
harrowing on growh of grandis were com of variation (3) ! 2
pared in a study on palnetto prairie Hei ght (m) 12.2 0.8
(table 2), Bedding inproved survival (ft) 40.0 32.1
and growth rate and i ncreased crop uni- _ o
formt The response of robusta to Hei ght coeffici ent
X y. . P g of variation (%) 30 41
bedding in the sanme study was sinilar to
that of grandis, but overall growh was D.b.h. (cm) 5.6 3.3
| ess. (in) 2.2 1.3
Beddi ng enhanced growth of both Dub.h. coefficient
Spani sh canal dul ensis and St. ILeo tere- of variation (%) 39 82
ticornis on a flatwoods in central Verchantable  trees (%) o0 o
Florida (table 3). Even on a ridge of
Table 3.--Effect of bedding or flat harrow site preparation on 6-nonth height
growth of Spanish camaldulensis and St. Leo tereticornis on a central Florida
fl at woods
Soi | series?
Species and
site preparation Pl aci d/ Myakka Myakka Pomello/Tavares
m (ft) m (ft) m (ft)
Canal dul ensi s
Bedded 1.0 (3.3) 1.3 (4.3) 0.8 (2.6)
Flat  harrowed 0.6 (2.0) 0.7 (2.3) 0.5 (1.6)
Tereticornis
Bedded 0.8 (2.6) 1.1 (3.6) 0.6 (2.0)
Flat  harrowed 0.4 (1.3) 0.5 (1.6) 0.5 (1.6)

aThe soils represent a gradient of inproving drai nage,
Tavares soil.

soil at a pond edge to a ridge of

Ponel | o- Tavares soil, growh on beds
exceeded growth on a flat harrowed area.
The inprovenent on this dry ridge was
probably due to control of conpetition.
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harrowed area,

conpetition.
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hardly any seedlings sur-
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Spaci ng

The distance between beds is dic-
tated by the desired plantation stocking
as well as physical restrictions. In
the only long-term study on spacing in
Florida, increases in grandis planting
density from 840 to 3,362 seedlings per
ha (340 to 1,361/acre) led to increases
in total volume of wood produced
(Meskimen and Franklin 1978). However,
the nmerchantable volune, based on con-
ventional size restrictions on pul pwood,
was the same over the range of initial
planting densities. In a subsequent
study, as of 33 nmonths increasing
planting densities up to 40,000
seedl i ngs per ha (16,000/acre) produced
increasing amounts of wood (Rockwood and
others 1982). Again these large anounts
of volume produced at high planting
densities cannot be used for conven-
tional pul pwood, but they suggest oppor-
tunities if total biomss can be
utilized.

while the lower cost of planting
only 840 seedlings per ha (340/acre)
seems attractive, this number is prob-
ably too few considering the risks of
planting nortality and coppice failure
Planting 1,500 seedlings per ha
(607/acre) seens a safe hedge agai nst
nmortality and for future efficiencies in
harvesting total  biomass

Spacing between beds is constrained
by the width of bedding harrows, cost
per unit of bed length, and need for
vehicle access into the plantations
Conventional forestry harrows prepare
beds from 2.2 to 3.2 mwide (7 to 105
ft), depending on the harrows width, so
3.2 m 0.5 ft) is the closest practica
spacing between beds for owners of the
largest harrows. Each bed, however,
represents distance to be traveled by a
tractor with bedding harrow, and then
later with seedling planter. The
greater the distance between beds, the
shorter the distance to be traveled over
the plantation. Reds have been spaced
as wide as 4.3 m(14 ft) in sone plan-
tations, but at this wdth it takes
crowns a long time to shade out vegeta-
tion between the beds, and the spacing
of seedlings on beds seens too close. A
spacing of 3.7 m(12 ft) between beds
appears to be a reasonable conpronise

among all factors. At that distance
seedlings nust be placed 1.8 m(6 ft)
apart to get 1,500 seedlings per ha
(607/acre). It is practical for a
worker to develop the rhythm to plant
at that spacing on a fast-noving tree
pl anter. Vehicles can, in an emergency,
drive through the plantation when beds
are spaced at 3.7 m (12 ft) intervals,
but such travel is not recomended, as
bed edges and roots will be damaged.

On nonbedded sites, 2.5- by 2.5-m
(8.2~ by 8.2-ft) is a good spacing. It
allows room for cross cultivating with a
small tractor and disk, and gives 1,600
seedlings per ha (648/acre). For cross
cultivating, exact spacing is required
hand planting is not necessary--
International Paper Co. has done it by
machine, by scoring of the earth in one
direction to mark the planting spot.

Fertilization

operational fertilization
practice in eucalyptus plantations in
Florida is the application of ground
rock phosphate (GRP). Florida soils
tend to be very phosphorus deficient,
very acid (pH can be as |low as 3.8), and
do not retain soluble phosphorus. GRP
dissolves slowy in the acid soils and
thereby furnishes a long-term supply of
phosphor us. GRP application, however,
is useful only on very acid soils.

In only one study of GRP application
have trees reached rotation age. In
that study, grandis receiving 1,400 kg
per ha GRP (1,250 | b/acre) grew nore
rapidly initially than nonfertilized
trees on palnetto prairie (table 4).
Eventual ly, nonfertilized trees started
to catch up, but at 8.75 years after
pl anti ng, phosphated trees contai ned 18
percent nore volume than nonphosphated
trees. The volume gain on an area basis
cannot be calculated, because the study
design was not suitable for area
proj ections.

Grandis responded simlarly to GRP
on sweet flatwoods, wet prairie, and dry
ridge sites, but overall growh was |ess
than on palmetto prairie. Robusta al so
responded to GRP, but a canmaldulensis x
grandis hybrid and rudis did not; pure
camal dul ensi s seedlots devel oped ter-

m nal dieback fromthe GRP.

The only
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Table |.--Effect of ground rock phosphate (GRP) fertilizer on growth of grandis
eucalyptus on palnetto prairie, by treatnents, tree characteristic, and age
Hei ght D.b. h. Volume@ Dry weight@

Tr eat ment

1.5 yr 8.8 yr 8.8 yr 8.8 yr 8.8 yr

n o (ft) mo(ft) cm (in) nd (ftd) kg (Ib)
GRP 5.1 (16.7) 19.4 (63.6) 18.0 (7.1) 0.182 (6.4) 70 (154)
No GRP 3.9 (12.8) 18.5 (60.7) 17.3 (6.8) 0.154 (5.4) 59 (130)
Difference 1.2 ( 3.9) 0.9 ( 2.9) 0.7 (0.3) 0.028 (1.0) 1 [ 24)
Gain (%) 31 5 4 18 19
aVolumes and weights are for all aboveground wood; bark is excluded.

Table 5.--Height, d.b.h., and basal area of three eucalyptus species 3.5 years
after planting on palnetto prairie in plots fertilized with ground rock
phosphated
SpeciesP and
application Hei ght D.b.h. Basal area
(kg/ha)  (Ib/acre)
m (ft) cm (in) ml/ha (ft2/acre)
Grandis
0 (0) 5.3 an 4.5 (1.8) 2.1 (9
560 (500) 5.8 (19) 5.0 (2.0) 2.5 (11)
1,120 (1,000) 8.1 (27) 7.5 (3.0) 4.6 (20)
1,680 (1,500) 8.1 (27) 7.5 (3.0) 4.7 (20)
Robusta
0 (0) 5.7 (19) 5.6 (2.2 3.0 (13)
560 (500) 5.6 (18) 5.9 (2.3) 3.6 (16)
1,120 (1,000) 5.5 (18) 5.8 (2.3) 3.3 (14)
1,680 (1,500) 5.7 (19) 6.3 (2.5) 4.0 (17)
Vimnalis
0 (0) 3.8 (12) 3.6 (1.4) 1.1 { 5)
560 (500) 4.3 (14) 4.2 a.n 1.8 ( 8)
1,120 (1,000) 4.0 (13) 4.2 @.7) 1.8 { 8)
1,680 (1 ,500) 3.6 (12) 3.5 1.4) 1.1 {5)
ag, Underhill and . Inmse of Hudson Pulp and Paper Corporation (now
Ceorgia-Pacific Corporation) installed this study.
bThe three species are planted in separate experiments and cannot be conpared

by analysis-of-variance techniques for

two-way tables.




In a nore recent experinent
pal metto prairie, three rates of
were applied. Grandis responded
strongly at a young age (table 5).
response by robusta was not as pro-
nounced. Vimnalis was damaged by the
heavi est application of GRP applied, but
it did respond positively to |esser
anount s.

It appears, then, that GRP stinu-
lates early growth of grandis, and to a
| esser extent robusta, hel ping the trees
to nore quickly reach sizes that are
nore resistant to freezes and weed com
petition. The increases in yield of
grandis and robusta due to GRP over a

on
GRP

The

rotation are not known. It is not advis-
able to apply GRP to canal dul ensis,
tereticornis, or vimnalis, and it
should be applied cautiously to species
not vyet tested.

Farmers in Florida often apply lime
to acid soils to increase soil pH to a
point were soluble phosphate fertilizers

Table 6. --Effect of

Osmocote 14-14-14 control l ed rel ease fertilizer

are retained.  This practice was
attenpted in a grandis pl anting on
palmetto prairie. Dolonitic |inestone
was broadcast prior to bedding, and
superphosphate was broadcast after
planting to sinulate aerial application,
the planned operational practice. There
was no significant response in growh to
superphosphate or |inmestone alone or in
conbination in rates of application of

up to 4,500 kg per ha (4,000 I|b/acre) of
dolonmite and 202 kg per ha (180 | b/ acre)
of super phosphate (45% p205). Banding
of superphosphate on the beds to provide
a heavy concentration needs testing.
Little is known about effects of
applying nutrients other than phosphorus
(and the calciummgnesium in dolonite)
before or at planting. Fifteen g (0.5
oz) of controlled-release fertilizer
applied in the planting hole has
increased early growh (table &), but
also has increased first-year nortality.

VWhether nortality of wnter-planted

placed in

the planting hole on establishnent and growth of grandis eucalyptus?@

Quantity of Osmocote per seedling
Characteristic and
planting tine
0 g (0 oz) 15 g (0.5 oz) 30 g (1.0 oz)
T Percent -------cccooooooos
Survival 3 months
after  planting
August 92 95 88
Decenber 99 73 34
i
dm (ft) ~——TTTTTTTTTTooToos
Height growth 9 nonths
after planting
August 15 (4.9 21 (6.,9) 20 (6.6)
Decembera 6 (2.0) 9 (3.0) 10 (3.3)
"Seedlings were planted in August and Decenber on an August-harvested grandis
stand that failed to coppice. Seedlings planted in December were subjected to
more conpetition than those planted in August.
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seedlings was due to toxicity of fer-
tilizer in the planting hole or to
greater freeze nortality of the nore
succulent fertilized seedlings is not
cl ear. Long-term effect of this initia
growth boost is not known. Application
of controlled-release fertilizers in a
hol e a short distance fromthe seed-
ling, or perhaps dribbled into the
planting trench with an apparatus yet
to be developed, is worth trying on a
small scale to gain experience

In summary, the growh rate of euca-
[yptus can be boosted by applying fer-
tilizers before or at planting. But the
nutritional requirements for eucalypts
in Florida are not known well enough to
meke optimal fertilizer prescriptions
nor can expected yield increases from
fertilization be predicted.

Bur ni ng

Burning prior to mechanical site
preparation has been done, but the

danger of escape is high. It may make
mechani cal  vegetation control easier
but it will not kill conpeting root

st ocks. Therefore, burning should be

avoided wunless needed to reduce debris
that would interfere wth planting

Common  Site-Preparation  Practice

Experience on site preparation is
concentrated on palnetto prairie in the
southern planting zone, and to a nuch
| esser extent on cutover, stunped, acid
flatwoods in the southern and centra

——
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Weed-free beds of grandis on old field that was treated Y with granula atrazine after seedlings were planted.

Zones. Sites are either double chopped
cross disked, or root plowed (locally
called webbing) to kill palnmetto. In
the south, Mirch and April are usually
hot and dry, and drought adds to the
effectiveness of nechanical treatment in
those nmonths in killing vegetation

Next, 1100 kg per ha (1,000
[ b/acre) of GRP are broadcast on areas
to be planted with grandis and robusta.
Application is wusually restricted to
early nmorning, before breezes develop
After phosphate is applied, beds are
constructed with a bedding harrow and an
hourglass roller. Bedding needs to be
conpleted prior to heavy summer rains
because mud is difficult to bed, and the

beds need tine to settle before planting.

add Fields

Abandoned agricultural fields and
pasture often are available for
planting. This land is doninated by
hardy, creeping grasses which are
i mpossi bl e to eradi cate nmechanical ly.
Onhce sunmer rains begin, these grasses,
and in sonme fields tall herbaceous
weeds, conpete strongly with eucal ypts
and retard their growh substantially.
Two, three, and sonetines nore years
pass before the eucal ypts, one by one,
break free of the conpetition. A prac-
tical treatnent to control the com
petition has not been devel oped, but
her bi ci des appear promsing. A safe
application systemthat does not |eave a
toxic residue i s needed, and the cost
must be reasonable




In one experiment, granular atrazine
(8% active) was broadcast over grandis
seedlings at a rate of 4.48 g active
i ngredi ent per n? (0.13 oz/ydz).
Seedl i ngs had been planted with their
root collars 7 cm (2.8 in) below the

soil surface. Beds were weed free at
the time of herbicide application. The
seedlings were dry, so atrazine granules

did not stick to |l eaves. Atrazine kept
the beds free of weeds until the grandis
coul d expand their crowns and shade out
weeds (in about 3 nonths). Grandis grew
much nore rapidly on treated than on
untreated beds. Heights and stem vol -
umes of treated and untreated seedlings
at 13 nmonths were:

Hei ght Vol ume
m (ft) m3/ha (ft3/acre)
Atrazine 4.2 (14.0) 9.2 (132.0)
No atrazine 1.6 (5.2) 0.2 (3.0)
In another experiment, glyphosate
herbicide (41% active ingredient) was

applied® in neter-wide (3.3 ft) strips
at a variety of rates directly to a
pasture that had a vigorous stand of
bahi a and bernuda grasses (Paspalum
not at um Fl uegge and Cynodon dactylon

Pers.). Twenty days after application,
grandis seedlings were planted directly
into the turf to test no-till establish-
ment in the hope that dead turf would
retard invasion by weeds. There was a
light rain 5 hours after the final spray
application, and even the highest rate
of application did not kill all grass.
The grasses eventually began to conpete
strongly with the eucalypts, but growh
in the sprayed strips greatly exceeded
that in controls by 4.5 years after
pl anting:
Quantity of Mean Plot Basal
Glyphosate Applied Area
1/ha (qt/acre) m® (£t2)
0.0 (0) 0.01 (0.1)
4.7 (2) 0.26 (2.8)
7.0 (3) 0.36 (3.9)
9.3 (4) 0.49 (5.3)
18.7 (8) 0.43 (4.6)

3pr., D. Baird of Monsanto Chenical Co.
applied the herbicide.

Pl anting

The climte of peninsular Florida
is subtropical. However, frosts and
freezing tenperatures can occur during
the late fall, winter, or early spring
in any inland area that mght be planted
to eucal ypts (Johnson 1970).
distinct rainy season from nmid-June to
m d- Sept enber, and a dry season the rest
of the year. Cccasional rains occur in
the dry season in association with cold
fronts, but they are not dependable.
Summer is the only time when it is cer-
tain that soil nmoisture wll be adequate
for successful planting in the southern
and central zones. Seedlings can be
growmn in the nursery during spring for
summer planting with assurance that they
can be planted wthout any long holdover
period in the nursery. Rainless periods
of a week or nore in sumrer create
drought conditions, and seedlings
planted then are likely to die. There-
fore, summer planting at times nmust stop
until soil noisture is restored. It is
moi sture at planting time that is criti-
cal; a dry spell after planting does not
kill  seedlings.

The earlier in sumrer that planting
starts the better, to take advantage of
the lack of weeds on the site at the
start of the rains and to allow as much
growth as possible prior to the first
freeze of the year. Md-June is the
earliest predictable date that planting
can begin, but if the spring was excep-
tionally dry, beds may not be wet enough
to plant until late July. The rule is
to be prepared to plant in June, but
also be prepared to wait and to start
and stop if the rains stop

Al'though sumrer planting is stand-
ard practice, fall and wnter plantings
have been done experinmentally (Geary
1977; table 6) and operationally with
grandis in the south in at least 2 years
with good success. Bare-root stock may
have to be planted in cool weather (Hunt
1980). Freezing and drought are hazards
in fall and wnter planting. However
if the seedlings are planted deep
enough, the belowground stem should
survive freezes and sprout, so that the
crop will not be lost. Fall and wnter
plantings need to be studied further to
extend the planting season. Spring has

There is a
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the | east chance of success. Spring is
usually hot and dry, and, if the pre-
ceding winter was cold, serdlings could
not be grown to planting size for spring
pl anting. A wet spring, which occurs
occasionally, would be ideal for

pl anting.

Spring may be nore suitable for
planting in the northern zone, for that
zone has wetter winters and springs than
the other zones. Even winter planting
| ooks promising in the northern zone
despite the frequent hard freezes (Hunt
1980) .

Planting in the summer rainy season
presents two conplications in addition
to the potential [lapse of rains--heat
and nud. Seedlings nust be shaded and
ventilated while awaiting planting. The
qui cker they are planted after being
pulled from containers in the nursery,
the better. Seedlings have been stored
inarefrigerated van at the planting
site, but whether that preserved seed-
lings better than just shade and venti-
lation is not certain. Cccasiona
sprinkling with water is necessary if
storage is prolonged. The foliage can

dry out without harm but a seedling
will die if its root plug dries. Fur-

thermore, if seedlings are not well
aerated, they wll rot or overheat.
Seedlings are hardy and wll survive if

they are packed loosely in boxes--a
shipment of experimental seedlings sur-
vived 1 week of storage in a vented box
in the storage room of a bus station.

One nust be prepared to plant when
the areas between beds are nuddy or even
flooded, because the renoval of vege-
tation from a site raises the water
table. Operational planting is alnost
all done with planting machines--
standard bare-root pine planters that
have been modified to carry boxes of
seedl i ngs. Because of the nud, high-
clearance tractors that can straddle
beds are needed. Planting machines nust
have a three-point hitch or straddle the
bed on their own wheeled frames. Drag
machines will not work on beds--they
fall off and tear down beds. Pl anters
need frames to hold enough boxes of
seedlings to nmake it from one end of the
plantation to the other and return

Machine planing eucalyptus seedlings from cardboard boxes in which ey e ck at te nurr.
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Hand planting is an option; it is
easy--all that is needed is a dibble to
punch a hole in the soil (a broom handl e
will do for tubeling seedlings). Root
plugs slip easily into the hole, which
can be pressed closed with a foot.

Seedlings should be planted so that
the cotyledons are well below the soi
surface; burying the stem at least 5 cm
(2 in) deep is usually adequate. Ex-
posed plugs | ose noi sture through wick-
ing action, and sone stem tissue should
remain below ground after settling and
erosion of the bed surface. Stem tissue
below the cotyledon wll not produce
epicormc shoots, so it is the below-
ground tissue above the cotyledons that
is the source of shoots, should the stem
be killed to the groundline by freeze,
fire, or sun scald.

Good survival and uniform spaci ng
are nore inportant in a plantation to be
managed for coppice than in a plantation
to be felled and replanted. Irregulari-
ties in stand structure become progres-
sively exaggerated in subsequent coppice
crops (Fap of the W 1981). Unfortu-
nately, survival of machine-planted
seedlings in sumrer is variable--running
from zero to near 100 percent surviva
over short distances on one | andowner -
ship in one planting season.  Serious
| osses are due to planting when it is
too dry, to flooding (the seedlings can
drown, or float out of the soil), and

Hahd plantlnd a xeytxjcalyptus seedling with a tubular root plug into awhole dibbled with a broom handle.

occasionally to fungal infection of
seedlings in packing boxes. Wen con-
ditions are ideal for planting, the
seedlings will survive very poor plant-
ing, but such conditions rarely prevail.
Hand-pl anted seedlings have a better
chance of survival than machine-planted
In research studies, survival of hand-
planted seedlings wusually exceeds 90
percent; at times survival is 100
percent.

Planting delays in sumer result in
oversized seedlings because it has been
i npossible to stop eucalypts from grow
ing in the nursery in hot weather with-
out risk of killing them  Oversize
seedlings can be too tall to fit in the
packing boxes, even if the stens are
bent . Seedlings that are too tall can
be damaged also by the planting machine
as it passes over them Tall seedlings
are usual ly topheavy and can | ean se-
verely after planting, causing basal
sweep. Under dry planting conditions
oversize seedlings nmay have too great a
shoot-to-root ratio for good survival

Clipping seedling tops my be a
solution, but results of a test are not
encour agi ng. Grandis seedl i ngs averag-
ing 60 cm (24 in) tall and robusta seed-
lings averaging 55 cm (22 in) tall were
clipped to 30 cm (12 in) the day before
pl anting. Planting was in August during
a break in the rains. The soil was too
dry to have recomrended comercial
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pl anting. Survival of unclipped grandis
and robusta seedlings was 70 and 57 per-
cent, respectively, survival of clipped
grandis and robusta was substantially
less -41 and 27 percent, respectively.
Seedlings clipped a few weeks in advance
of pulling mght survive planting well,
because they wll have had time to re-
cover from the shock of clipping. Clip-
ping is not expected to increase double
leadering or stem nmalformation (Horne
1979).

After-Planting Care

Eucal yptus  plantations receive
after-planting weed control in nost
parts of the world (FAO of the UN 1981 ).
Weds are usually controlled by cross=~
disking with tractor and harrow, then
tending by hand around boles of trees.
The site is kept clean of weeds until
crowms shade out conpetition, wusually in
the second year after planting.

Florida and New South Wales, Aus-
tralia, are exceptions to after-planting
weed control. In New South Wales, the
initial site preparation treatment is
sufficient to prevent conpetition

(A arke 1975). In Florida, it oftenis
not. However, in Florida, cross-disking

Grandis 5 months after ple{hting on bedded and
phosphated palmetto prairie.
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of bedded areas is impossible; disking
the areas between beds is of little
help, and hand weeding is too expensive.
\Wed control after planting on bedded
sites awaits an effective system of ap-
plying  herbicides.

In Florida, if high beds are nade
in dry weather and planting starts in
the early rains, broad-crowed eucalypts
i ke grandis and robusta devel op wi de
enough crowns by 3 nmonths after planting
to shade out weeds on beds. Rapid shad-
ing occurs only on beds that remain free
of weeds during those nmonths. Unfortu-
nately, beds are not always weed free
for nonths; sonetimes weeds develop on
them before planting. Rapid invasion of
beds by weeds is nobst serious on old-
field sites and on wet soils, where
standing water allows seeds on the sur-
face of beds to gernminate and grasses to
creep over the beds.

Wed conpetition is particularly
serious with the narrow crowned camal-
dulensis, tereticornis, and vimnalis.
Even though these species my grow
rapidly in height after planting, they
t ake much | onger than grandis and ro-
pusta to develop crowns that can shade
out conpetition. Young plantations of

T e g

randis plantation 4 years after planting on a bedded

palmetto prairie site. This stage of stand development

might be the time to fertilize with nitrogen.




these species often becone choked with
weeds, which appear to retard growh.
Wr kabl e solutions are needed badly. An
operational system for herbicide treat-
ment has not yet been developed, but it
could be highly useful.

Fertilizer application after plant-
ing may prove practical. In the only
mgjor study in Florida, University of
Florida scientists in cooperation wth
the Forest Service and its cooperators
applied isobutylidene diurea (IBDU) and
amonium nitrate at rates of 0, 100, 200
kg N per ha (0, 89, and 178 | b/acre) on
a 3-year-old grandis plantation on pal -
metto prairie to which GRP had been
applied prior to planting. The nost ef-
fective treatnent, ammonium nitrate at
200 kg N per ha (179 IDb/acre), increased
height growth 69 percent and diameter
growth 76 percent over controls in the
18 nonths after treatnment (Barros and
Pritchett 1979).

Control of weeds after planting and
application of nutrients in addition to
phosphorus prom se substantial increases
in production and need to be researched.

|8

Weed control after planting promses to
be the single nost effective treatment;
it my be a substitute for normal |levels
of fertilization (Schonau and others
1981). Wthout good weed control, ex-
cessive quantities of fertilizer are
needed to stinulate growh of eucalypts
(Meskimen 1970; Schonau and others
1981).

Gowh and Yields

Annual growth of eucalypts in Flor-
ida has been observed on a variety of
sites. The product vyield, however, is
still a guess, because nmost plantations
have not reached the anticipated harvest
age of 8 years and nost have stocking
well below that needed for highest pro-
ductivity. Performance of a 1969 ro-
busta and a 1972 grandis plantation on
palmetto prairie in the southern zone
my be indicative. Height growth was
initially rapid, but it decreased
sharply at about age 3 (fig. 5). Stand
basal area increased through at |east
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age 10, hut increment in basal area nual increment in volune peaks is un-
peaked in 4 to 6 years (fig. 6). St and certain, but it probably occurs within 8
volume alsoincreased for at |least 10 years (fig. 8)., Plantations, then,
years (fig. 7). The time when mean an- m ght be expected to be harvested by age
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8, and at that age wll have produced
pul pwood at a rate of 16 m> per ha per
yr (229 ft>/acre/yr or 2.5 cords/acre/
yr)e. These yields are low by world
standards for grandis pl ant ati ons, which
average perhaps 26 y> per ha per yr (372
ft> /acre/yr) and range from 14to 50 m’
per ha per yr (200 to 715 f£t3/acre/yr)
(FAO of the UN 1981). However, Yyields
of grandis in Florida have reached 25
m> per ha per yr (372 ft3{acre/yr) on
palnetto prairie and 56 m” per ha per yr
(800 f£t?/acre/yr) in under 3 years at
very high planting densities (Rockwood
and others, In Press).

The vyields of camaldulensis and
tereticornis growing on ridges wll be
I ess than those of grandis and robusta
on palmetto prairie and acid fl atwoods.
Wi ght yields of grandis stands as pos-
sible biomass fuels have been calcu-
lated, and the standing dry weight of a
typical 8-year-old pulpwood stand (whole
trees without leaves) is predicted to be
74 t per ha (29 ton/acre).

In central and northern Florida
plantings aretoo snall to estimate
possible yields. Furthernore, current =

I'anIS l- a Utove

performance maybe far less than that to  fyyoods The shallow beds made by an agricultural
be expected fromstrains that are being bedding harrow are barely visible.
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bred. In general, freezing problems in
central Florida probably wll cause
yields to be sonmewhat |ower than for
simlar sites in southern Florida. In
northern Florida, somewhat better soils
are available for planting, and this
advantage may offset |osses caused by
the colder climte

Harvesting and Coppice Tending

Eucalypts in Florida will either be
harvested nmechanically by severing stens

A ucalyt being harvested With anvil shears.

with anvil shears or chain-saw heads on
grapple-fellers, or by hand with chain
saws. In either case, stump bark nust
be left intact. Anvil shears nmust cut

sharply so that the bark is not torn
from the stump as the bole is pulled
off, and the stunps should not be struck
by mechanical equipnent. Debris shoul d
be kept off the stunp, because it causes
deformties of coppice shoots as they
snake their way through it. \hole-tree
harvesting is a way to avoid the debris
problem as well as reduce fire hazard,
and it facilitates replanting of stands
in which coppicing is inadequate
Whol e-tree harvesting, however, may
cause nutrient drain by taking away
nutrients stored in leaves and branches.
Stunp height is also inportant
The higher the stump, the greater the
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chance of coppicing, but high stunps
tend to produce shoots that are not
wi ndfirm A stunp height of 10 to 12cm
(4 to 5in) is recomrended (FAO of the
UN 1981). A slanted cut is recomended
to facilitate water runoff.

In much of the world, eucalyptus
stunps coppice prolifically, and in
short rotation plantations two to four
coppice crops are anticipated before re-

planting is necessary (FAQ of the UN
1981; Poynton 1981).
fol | ow ng
vigor of

Dying of stunps
harvest, rather than loss of
[iving stunps, is the usua

cause of a need to replant after the
second or third coppice crop (FAO of the

UN 1981). Eventually such nortality
causes the stand to be under st ocked.

In Florida, coppicing of grandis is
not as reliable, and the season of har-
vest affects it (fig. 9). In sunmer,
coppicing ability drops drastically in
grandis, and to a |l esser extent in ro-
busta. In the Republic of South Africa
a major growi ng area for grandis, 95
percent coppi cing success i S expected,
except in the dry season when success is
somewhat less (Stubbings and Schonau
1980). Grandis coppices reliably in sone
parts of Brazil (Ayling and Martins
1981) but not in others (Canpinhos and
I kenori  1980). In its native New South
Vales, Australia, grandis coppices
poorly through fall and winter, and
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apparently grandis plantations there
cannot be nrmanaged by coppicing (O arke
1975; Hillis and Brown 1978).

Coppicing ability was assuned and
was not a selection factor in genetic
i mprovenent efforts in Florida. A
recent progeny test revealed genetic
variation in coppicing ability. Trees
that originated from South African seed
coppiced with twice the frequency of
trees grown from Australian seed. Nore-
over, the seedlings wused in the earliest
pl antati ons of grandis cane fromtrees
with poor coppicing ability. There is a
tendency for the fastest grow ng grandis
trees to produce progeny with below-
average coppicing ability. Coppicing
success is greater in trees that are hy-
brids with robusta, camal dul ensi s, or
treticornis. Coppicing does not seem to
be a problemwi th canal dul ensis or tere-
ticornis, but the experience wth these
species is insufficient to be sure

What is to be done about the prob-
lem with grandis coppicing? Harvesting
of this species could be restricted to

the better months for

even then the success rate does not

reach a desirable 95 percent. Another

approach is to harvest during sumer

then replant. The new seedlings wll be

genetically superior to the old and wll

have better coppicing ability. And

last, local technology is being devel-

oped that wll produce rooted cuttings

and tissue culture plants from hybrids

with superior coppicing ability, as has

happened in Brazil (Canpi nhos 1980;

Canpi nhos and lkenori  1980).
Replanting should not

preparation if planting is done by hand

Imediately after harvest, beds are weed

free and tend to remain that way for

some tinme. If seedlings, rooted -cut-

tings, or tissue culture plants are hand

planted, the stumps can be left in

pl ace. If replanting is delayed unti

stumps that wll coppice are evident,

planting next to living stunps can be

avoi ded. Killing of the old, living

stunps by burying or wth herbicides

m ght be done (FAO of the UN 19281), but

coppicing, but

require site
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may not be necessary, because inter-
planting i n understocked grandis pl an-
tations immediately following harvest
has succeeded in South Africa (Wttle
Research Institute 1972). Since nost
plantations in Florida are already
understocked by the recomrended stand-
ard, replanting of the larger voids may
be desirable. A test of replanting has
been successful in Florida (table 6).
The addition of 159 (0.5 oz) of Osmo-
cote control |l ed-rel ease fertilizer in a

Young coppice of robusta.

hole next to the new plant probably will
be beneficial.

Stunps that coppice wusually produce
many shoots. Everywhere in the world
wher e eucalypts are managed on coppice
rotations, except in Florida, these
shoots are reduced to three or |less
shoots a stool (FAO of the un 1981,
Poynton 1981). The nunber of shoots
left on the stool depends on the product
desired, site quality, and stool
density.

In Florida, hand thinning shoots is
thought to be too expensive, and no
nechani cal system has been devised. The
few harvested plots are still too young
to say precisely what the result of no
thinning will be. But it appears that 2
to 4 stems per stool wll domnate, and
the remainder will be shaded out. The
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expected larger nunmber of stems on a
stool might be desirable, as it wll
tend to counter the problem of under-
st ocki ng. In an experinment in Mrocco,
the total and sal abl e vol unre of 6-year-
ol d grandis coppi ce was greater in un-
thinned coppice than in thinned coppice
(Knockaert 1979).

Wien crowns with ripe seeds are
left on the ground, sonme seedlings wll
appear along with coppice regeneration.
At the wde spacings in some Florida

Grandis copp|ce ars atter fefing of plantation.
Coppice shoots were not thinned.




plantations, natural seedling regener-
ation can be dense and the seedlings

will grow into trees. These trees wll
be of lower genetic quality than nursery
seedlings, and they may obstruct row
harvesting and plantation access, but
they are free. Natural seedling re-
generation cannot be predicted, so
replanting should not be delayed in
anticipation of it. Seedlings planted
on beds suppress nmost natural seedlings
and whole-tree harvesting elininates the
seed source and the problem

Protection

After planting, seedlings
tection from cattle. Cattle
do not eat seedlings, but they pul
out of the ground, break off their tops,
and tranple them  However, cattle did
browse a fall-wnter planting of gran-
dis, where the grandis seedlings were
the only green vegetation in sight. It
is tenpting to allow cattle to graze in
plantations in the first year or two.

The growth of grasses stimulated by GRP
application nakes good forage (More and
Swi ndel 1981), and grazing reduces the
fire hazard. But the danmge cattle can
do appears to outweigh the advantages
Once trees are 4 m (13 ft) tall and 4 cm
(1.5 in) d.b.h., light grazing may be.
allowed to reduce fire hazard and uti-
lize the residual vegetation. Once

trees are large enough to resist cattle
damage, however, the cattle become dif-
ficult to find and remove at roundup
tine.

need pro-

ordinarily
t hem

popul ation can seri-
ously danage a eucalyptus plantation
Browsed trees eventually get ahead of
the deer, but the resulting stand has an
uneven structure and the stems are often

A large deer

badly forked. It may be inpossible to
get a satisfactory stand of eucalypts
where deer browsing is heavy.

Plantations nust be protected from
intense fires, which cause substantial
danmage. In their native habitats, some

eucal ypts are part of a fire ecosystem
and experience wth wldfires and exper-
imental burns suggests that [light fires
will not cause serious damage. Pre-
scribed burning mght be wuseful, but

l[ittle is known about fire effects on

eucal yptus plantations in Florida
Clean weeding in the first year of plan
tation growth is a good neans of fire
protection

Insects have rarely been a problem
Cone-headed grasshoppers (famly Tetti-
goniidae, subfanmily Copiphorinae) de-
stroyed one experinmental planting of

grandis the summer it was planted. The
trees were expected to resprout, but
they did not. No other exanples of
serious nmortality from grasshoppers are
known. A leaf-eating beetle, Maecol-
aspis favosa (Say), has seriously dam
aged a nunber of seedlings and coppice
shoots on a few occasions

Diseases are a nagging, but ap-
parently not serious, problem Basal
stem cankers on grandis caused by Cryp-
honectria cubens i s (Bruner) Hodges,

nov. (= Diaporthe cubensis Bruner) are

common (Barnard and English 1980). Can

kers do not kill trees, but mght retar

growth of some trees. The canker fungu

mght be a cause of coppice failure fro

surmer  felling--the fungus thrives in
weat her .

hot, wet

conb.

d

S
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The fungus ditocybe tabescens
(Fr.) Bres. has been associated with
sudden death of small patches of euca=-
lypts in the southern zone. The najor
cause of patches of dead trees, however,
is lightning. Over an 8.,5-year rotation
on a 67-ha (165 acre) plantation in the
southern zone, 2.5 percent of permanent
sample trees were killed by [Iightning
and another 4.4 percent were injured.
Many seed orchard trees are lost to
['i ghtning.

In late winter and early spring in
the southern zone, twigs on roadside
trees often die back. Seed trees of
Spanish  canal dul ensis frequently |ose
their seed crop to twig dieback. A
fungus is suspected.

No hurricane has struck the com
mercial plantations, but if one did,
heavy breakage, windthrow, and Iean
woul d probably occur.

A condition called robusta breakup
is found in a nunber of plantations.

Tops tend to break out and trees start
| eani ng. The cause is unknown. Top

breakage may be due to decay at sites of

Robusta breakup disease.
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freeze damage, and leaning may be a phy- b
si ol ogi cal response. The problem does
not exist wth other species. I

Utilization

The properties of the slowgrow,
mature wood of natural eucalyptus stands
differ from those of the juvenile wood
of fast-grown plantation trees. Only
utilization of fast-grown, short-
rotation trees is discussed here.

Properties of eucalypts differ sub-
stantially by species. Even within spe-
cies, there are great differences in
wood characteristics. For exanple, the
cel lul ose content of 260 sel ected globu-
lus trees in Portugal varied from 36 to
57 percent; the wood density of those
selected trees had a wider range than
that of pine, spruce, or birch pul pwoods
(Hillis and Brown 1978). (pportunities
to alter the wood properties of euca-
lypts by breeding, therefore, appear to
be substantial. Wod properties are
also affected by environment. For
example, the formation of kino, a pheno=-
lic exudate that degrades pul pi ng qual -
ity, can be induced by freezes, wind,
and growt h tension shakes (Hillis and
Brown 1978).

At present, the nost inportant uti-
lization characteristic in Florida is
suitability for pulp and paper. In
general, the -eucalypts grown in the
world's industrial plantations produce a
good-quality short-fiber pulp from a
variety of pul ping processes (FAO of the
UN 1981; Hillis and Brown 1978). Euca-
|yptus wood can also be used to make
dissolving pulp for viscose and acetate
filnms and filanments (FAO of the UN
1981).  Those eucalypts that are suit-
able for industrial plantations in Flor-
ida and have been tested for pulping
quality are as good as native hardwood
furnish, if not better (Franklin 1977;
Hunt and Zobel 1978). Tereticornis,
however, is good furnish only for the
neutral sulfite senichemcal process.

Eucal yptus wood is difficult to use
for lunber because of growh stresses,
shrinkage in drying, collapse, spiral
grain, and proneness of sapwood to
attack by post-hole borers (FAO of the
UN 1981; Hillis and Brown 1978). Pro=




duction of sawed wood from smal | - di are-
ter eucalyptus logs is unlikely where
better quality tinbers are available
(Hillis and Brown 1978). Qality prod-
ucts such as furniture and |aninated
beans can be nmade, however, from fast-
grown eucal ypts (Hillis and Brown 1978).

The use of eucalypts for veneers
and plywood is still not on a large
scale, but plantation-grown eucal ypts
are used for sliced decorative veneer
and plantation | ogs of grandis can be
peel ed for plywod because grandis wood
does not collapse like that of many of
the other eucalypts (FAO of the UN
1981). Eucalypts can be nmade into good
har dboard and particl eboard (#Hillis and
Brown 1978). Eucalypts are wused exten-
sively for mine tinbers, railroad cross-
ties, snelter poles, fenceposts, and
utility poles (Fao of the UN 1981;
Hillis and Brown 1978). The sapwood
accepts preservation treatnents, but
care must be taken to reduce end split-
ting during drying (FAO of the UN 1981;
Hillis and Brown 1978).

Thinning to maxinize dianeter
growth and extending rotations of euca-
lyptus plantations to 15 to 25 years im
proves wood quality for [lunber, veneer
and utility poles (Wattle Research In-
stitute 1972), and might be an option
for Florida growers.

The eucalypts are good firewoods
and are used to make charcoal, including
nmet al | urgi cal charcoal in several coun-
tries (Ayling and Mrtins 7981, FAO of
the UN 1981). Florida-grown grandis iS
easily whole-tree chipped for fuel use
and these chips are highly suitable for
pyrolytic fuel systems (Purdy and others
1978). A good-quality activated carbon
can be nmade from Fl ori da- grown grandis
(Smth 1979).

Eucal yptus honey can be of good
quality (FAO of the UN 1981). Camaldu=
lensis, tereticornis, and vimnalis are
good honey trees and are suitable for
plantations in Florida. Tereticornis
has sonetimes been planted in centra
Florida as a wnter flower crop to main-
tain hives. There is danger that the
flower crop can be lost to a freeze,
however

Nearly all species of eucalypts
have oil-producing glands in their
leaves that give the leaves their char-

acteristic odor (FAO of the UN 1981).
These essential oils are wuseful in phar-
maceuticals, solvents, floating agents
and perfumes. Fewer than 20 species
produce oils in sufficient quantity for
conmer ci al production (Hillis and Brown
1978). Macarthurii has a good vyield of
genariol and eudesmol for wuse in per-
funes (FAO of the UN 1981), and this
species is wdely adaptable in Florida
The premier essential oil producers in
the world market--globulus, radiata,
and dives--have not shown adaptability
in Florida.

The juvenile foliage of young euca-
lypts is different from the [|eaves of
older trees. Coppice and epicormc
sprouts usually have juvenile foliage
which for sone species has suitable
shape and color for floral arrangenents
Unfortunately, the best species for the
production of ornamental foliage, such
as pulverulenta, which is wused in Cali-
fornia, are not well adapted to Florida
However, neglecta, nova-anglica, cin=-
erea, and perhaps a few other species
that are adapted to Florida mght be
good  substitutes

Prospects and Problems of the Puture

Over the short term planting of
eucalypts in Florida wll depend on the
interest of pulp mnufacturers in
establishing captive supplies of hard-
wood fiber on accessible sites, on the
need for close-by supplies of boiler
fuel, and on the stumpage price for
hardwood  pul pwood.  The current stumpage
price in southern Florida is relatively
| ow because the nearest pulpmill iS in
northern Florida. It is unfortunate
that the farther the distance from pulp-
mlls in Florida, the nore advanced is
the technology for establishing short-
rotation, high-yielding pl antations.
There is a world market for eucal yptus
pul pwood chips, but the present volunme
of eucalyptus wood in southern Florida
is insufficient to enter the market.

Over a longer term the construc-
tion of wood-burning boilers by indus-
tries could have a great inpact.
Southern Florida, in particular, has an
excel lent potential for fuelwood pl an-
tations, once boilers that can use that
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fuel are installed. Coal must be hauled
an even greater distance to get to
southern Florida than the distance trav-
eled by southern Florida pulpwod to
northern Florida. Thus, wood nmight be
priced conpetitively with coal in the

switch away from oil-fired boilers
Agricultural industries, wth their vast
| andhol dings in southern Florida, could

est abl i sh eucal ypt us fuelwood pl ant a-
tions close to their processing plants
The technol ogy for obtaining high
yields from eucalyptus plantations can
be inproved greatly. This technol ogy
is just being born in northern Florida
and has yet to walk in central Florida
In northern Florida, success rests wth
breedi ng. The gernplasm of the few
trees with good growh, form and
resistance to freezing must be nmulti-
plied, perhaps through propagation of
rooted cuttings as in Brazil and the
Peopl e's Republic of the Congo (Hartney
1980), or by tissue culture. Rooted

e

Rooted eucalyptus cuttings in LaBelle planer blocs.
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cuttings are already being produced at
the FDF nursery from superior trees by
Forest Service developed adaptations of
Brazilian methods of rooting cuttings
and a private research laboratory in
Florida has succeeded in producing tis-
sue culture clones of superior eucalyp-
tus trees in Florida and is test mar-
keting clonal plants. Only the present
high costs of clonal plants is holding
back substantial gains in adaptability
and productivity of eucalypts in

Flori da. Selected clones could solve
the problem of undependable coppicing of
grandis in southern Florida. Cones

that would exploit clean weeding and

conplete fertilization could make such
treatnents profitable. Hybridizing
through controlled pollination and other
intensive breeding techniques has yet to
be tried in Florida, but it offers op-
portunities for developing unique

strains for
Fl ori da

optinum performance in

Tissue culture plants produced from
epicormic shoots of a select Spanish
camaldulensis. (Photo courtesy of
Clonal Resources, Inc., Lake/and,
Florida.)
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Appendi x

Scientific Nomenclature of Eucal yptus
Species Mentioned in the Text

Sci entific Name*

Eucal yptus camul dul ensis Dehnh. var. canul dul ensis

camphora R T. Bak

cinerea F. Miell. ex Benth.

dal rynpl eana Mid. subsp. dal yrnpl eana
di ves Schau.

gl obul us rabiill. subsp. gl obul us
grandis H ||l ex Mid.

macarthurii Deane & Maid.
maculata Hook

neglecta Mid.

nova-anglica Deane & Mid.

pani cul ata Sm

pul verul enta sims

radiata Sub. ex D.C

robusta Sm

rubida Deane & Mai d.

saligna Sm

tereticornis Sm

urophylla S, T. Bl ake

vimnal is Labill.

4From Ch ippenda | ( 1976).
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